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IMMUNIZATION  OF  HUMAN  BEINGS  WITH  ORAL  LACTOBACILLB 

NED  B.  WILLIAMS* 

Army  Dental  School,  Army  Medical  Center,  Washington  12,  D.  C, 


A  possible  relationship  between  intradermal  vaccination  of  human  beings 
with  heat-killed  oral  lactobacilli  and  an  effect  on  the  average  numbers  of  lacto- 
bacilli  in  the  saliva  was  described  in  a  preliminary  report  by  Canby  and  Bernier 
(1).  Repeated  intradermal  vaccination  led  to  an  increase  in  the  blood  agglutinin 
titers  for  the  strains  of  lactobacilli  used  in  the  vaccines.  Comparisons  of  the 
average  salivary  counts  for  lactobacilli,  before  and  after  vaccinations,  indicated 
that  there  had  been  a  reduction  of  the  averages  in  19  out  of  20  persons  after 
vaccination.  The  authors  proposed  that  the  lactobacilli  in  the  saliva  had  been 
affected  by  a  substance,  having  growth  inhibitory  properties,  which  was  stimu¬ 
lated  by  vaccination. 

This  report  presents  the  findings  in  a  similar  tjrpe  of  study.  Our  purpose 
was  to  determine  whether  any  increase  in  the  blood  agglutinin  titers,  for  the 
strains  in  the  vaccines,  could  be  associated  with  a  decrease  in  the  salivary  coimts 
for  lactobacilli. 


METHODS 

Experimental  Groups.  Volunteers  were  selected  on  the  basis  of  the  averages 
from  4  separate  salivary  counts  for  lactobacilli  over  a  period  of  2  weeks.  Saliva 
was  collected  on  arising  in  the  morning  by  softening  sterile  paraffin  in  the  mouth 
for  2  minutes,  then  chewing  vigorously  for  3  minutes  and  expectorating  the 
stimulated  saliva  into  a  sterile  tube.  Dilution  and  platings  were  begim  within 
2  to  3  hours  after  collection.  Saliva  was  diluted  so  that  at  least  100  lactobacillus 
colonies  were  present  on  the  plates  to  be  counted.  It  was  necessary  to  plate 
several  dilutions  of  each  sample  in  order  to  maintain  this  standard.  Counts 
were  made  after  spreading  0.1  cc.  of  the  mixed,  diluted  saliva  on  Petri  plates 
containing  Kulp’s  tomato  agar  pH  5.0  (2)  and  incubating  2  to  3  days  at  37°C. 
The  representative  colonies  were  counted  under  a  low  power  microscope.  Per¬ 
sons  with  counts  exceeding  40,000  lactobacilli  per  cc.  of  saliva  were  selected 
for  the  group.  Half  of  these  were  to  ser\’e  as  controls. 

This  report  includes  20  of  the  experimental  group  and  13  controls  whose 
records  were  complete.  Salivary  counts  of  the  type  described  were  repeated 
16  to  32  times  at  similar  time  intervals  in  the  2  groups  throughout  4  months 

*  Read  at  the  22nd  General  Meeting  of  the  International  Association  for  Dental  Re¬ 
search,  Chicago,  Illinois,  March  18-19,  1944  (J.  D.  Res.,  23:  196,  1W4).  Received  for 
publication  September  3,  1944. 

*  Captain,  Dental  Corps,  A.U.S.  No  objection  to  publication  on  grounds  of  military 
security  and  policy,  Bureau  of  Public  Relations,  War  Department. 
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of  the  study,  and  again  6  to  10  times  over  a  period  of  5  weeks  about  2  months 
later. 

Denial  Examinations  and  X-rays.  The  teeth  of  the  entire  group  w'ere  exam¬ 
ined  by  the  use  of  an  explorer  and  mirror.  Records  were  made  of  all  carious 
areas,  fillings,  prostheses  and  missing  teeth.  Bite-wing  and  anterior  radio¬ 
graphs  were  employed  to  supplement  clinical  findings.  The  group  was  requested 
not  to  have  dental  work  done  during  the  course  of  the  experiment. 

Antigens  and  Agglutination  Tests.  Lyophilized  (3)  stock  cultures  were 
suspended  in  sterile  0.85%  saline,  inoculated  onto  tomato  agar  slants  pH  6.1 
(2)  and  incubated  anaerobically  for  3  to  4  days  at  37°C.  The  growth  on  the 
slants  was  harvested  in  sterile  phosphate  buffered  saline,  pH  7.0,  pooled  and 
washed  3  times  in  the  sterile  buffered  saline. 

Suspensions  were  standardized  in  a  Klett-Summerson  colorimeter  to  a  reading 
of  112  to  114.  The  antigens  were  prepared  for  agglutination  by  heating  the 
suspensions  in  a  water  bath  at  60°C  for  30  minutes,  and  adding  merthiolate  as 
preser\^ative  (final  dilution  1:10,000). 

All  persons  were  bled  by  venipuncture  prior  to  vaccination  as  well  as  2  weeks 
after  the  last  injection.  Further  bleedings  were  made  at  intervals  of  1,  2  and 
5  months  after  the  completion  of  vaccination. 

The  agglutination  tests  on  sera  obtained  prior  to  injections  were  made  with 
dilutions  of  serum  rani^g  between  1:2  and  1:512.  After  vaccination  the 
sera  were  tested  in  dilutions  between  1:40  and  1:10240.  Each  serum  was 
tested  with  each  of  the  two  strains  used  in  the  vaccines. 

Vaccines.  The  strains  were  chosen  from  the  results  of  cross  agglutination 
teste  between  40  stock  lactobacillus  antigens  and  their  immune  rabbit  sera. 
The  greatest  degree  of  cross-reactivity  was  demonstrated  by  strains  4  S  and  13  C. 
The  colonial  and  morphological  characteristics  of  4  S  were  similar  to  Hadlej^’ 
Type  I,  while  13  C  was  similar  to  her  Type  II  (4).  The  suspensions  for  use  as 
vaccines  were  prepared  in  the  same  manner  as  the  antigens  described  above, 
except  that  living  as  well  as  heat-killed  concentrated  vaccines  in  2  densities 
were  made  from  each  strain.  The  concentrated  living  vaccines  contained  about 
900  million  and  2000  million  lactobacilli  per  cc.  respectively  (Klett-Summerson 
readings  202  and  395);  similar  suspensions  were  made  with  heat-killed  lacto¬ 
bacilli.  Vaccines  of  4  types  were  prepared  from  the  concentrated  suspensions 
by  mixing  equal  portions  of  the  4  S  and  13  C  strains  so  that  the  final  approximate 
content  of  organisms,  in  millions  per  cc.,  was  as  follows; 


neat-killed 

Liting 

450-4  8 

«3 

450—4  8 

450—13  C 

450-13  C 

«2 

450—4  8 

«4 

450-4  8 

1000—13  C 

1000-13  C 

Vaccination.  Preliminary  comparisons  between  the  intradermal  and  sub¬ 
cutaneous  routes  of  inoculation  in  human  beings  and  animals  (rabbits  and  guinea 
pigs)  demonstrated  that  a  greater  increase  in  agglutinin  titers  could  be  obtained 
when  the  subcutaneous  route  was  employed.  Other  animal  tests  indicated 
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that  higher  agglutinin  titers  may  result  if  the  living  vaccine  is  given  simul¬ 
taneously  with  the  heat-killed.  Persons  in  the  group  to  be  vaccinated  submitted 
to  skin  tests  with  the  vaccines  in  order  to  eliminate  any  possibility  of  hyper¬ 
sensitivity,  injections  of  0.1  cc.  being  made  intradermally  on  opposite  forearms, 
using  vaccines  %  1  and  Vaccinations  were  begun  after  observation  of  the 
reactions  to  skin  tests  and  when  salivary  counts  had  been  completed  over  a 
period  of  at  least  one  month.  The  course  of  injections  consisted  of  4  subcu¬ 
taneous  inoculations  at  weekly  intervals,  the  living  and  heat-killed  vaccines 
being  given  simultaneously  in  the  deltoid  region  of  opposite  arms.  Livdng 
vaccine  was  always  used  in  the  right  arm  and  heat-killed  in  the  left.  The  first 
3  injections  consisted  of  0.5,  1.0  and  1.0  cc.  of  vaccines  %  1  and  #3,  while  the 
4th  was  1.0  cc.  of  vaccines  and  ^4.  Each  arm  received  a  total  of  3.5  cc. 
of  the  living  and  heat-killed  vaccines  respectively  and  each  person  received 
7  cc.  of  vaccine  totaling  about  7,400  million  lactobacilli. 

Controls.  The  group  of  13  controls  was  treated  in  the  same  manner  as  the 
vaccinated  in  so  far  as  salivary  counts  and  agglutination  tests  were  concerned, 
but  no  injections  of  any  type  were  given. 

EXPERIMENTAL  RESULTS 

The  intradermal  skin  tests  wdth  vaccines  $  1  and  M  3  w’ere  positive  in  all 
cases.  Pink,  flat,  areas  of  erythema,  which  varied  from  5  to  40  mm.  in  diameter 
were  first  visible  in  from  30  minutes  to  10  hours.  After  24  to  48  hours  the 
responses  had  developed  into  either  small  flat  discolored  areas  or  small  nodules 
which  measured  about  5  mm.  in  diameter;  both  gradually  faded  over  a  period 
of  4  to  6  weeks.  The  observed  reactions  were  due  mainly  to  local  irritation 
caused  by  the  vaccines  and  were  not  considered  as  being  of  the  hypersensitive 
type. 

In  6  to  18  hours  after  the  first  subcutaneous  injections  with  0.5  cc.  of  1  and 
?«3  vaccines,  pink,  tender,  warm  areas  of  erythema  were  apparent  at  the  sites 
of  inoculation.  In  24  hours  the  areas  were  hardened  and  tender  to  touch,  or  to 
flexure  and  rotation  of  the  arm.  The  responses  ranged  from  nil  to  7  cm.  in 
diameter,  and  the  following  day  (48  hours)  were  reduced  in  size,  intensity,  and 
tenderness.  They  faded  completely  by  the  time  the  second  injections  were 
due,  except  in  2  cases  which  lasted  another  week.  The  same  type,  but  slightly 
larger  areas  followed  the  2nd  and  3rd  vaccinations,  each  consisting  of  1.0  cc. 
of  1  and  M  3.  The  diameters  ranged  from  1-10  cm.  after  the  2nd  subcutaneous 
injections,  while  responses  to  the  3rtl  measured  from  3  to  9  cm.  in  diameter. 
Visible  or  palpable  evidence  of  these  areas  was  not  present  after  1  week.  The 
final  injections,  made  with  1.0  cc.  of  ^2  and  ^4  vaccines  eliciteil  reactions 
which  were  similar  to  those  following  the  initial  subcutaneous  vaccinations. 
These  responses  disapjieared  within  3  to  7  days.  Neither  general,  axillary, 
nor  local  complications  were  observed  or  reported.  No  outstanding  differences 
were  observed  between  the  tyjie  of  responses  to  living  and  heat-killeil  vaccines. 
The  results  suggest  that  the  organisms  in  the  vaccines  were  easily  disposeil  of 
by  the  subcutaneous  tissues  without  severe  reactions  of  any  ty|)e. 

All  iiersons  were  bled  prior  to  the  vaccinations  jis  welt  as  2  weeks,  1,  2  ami  5 
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months  after  the  last  injections.  The  sera  were  tested  for  agglutinins  in  separate 
serological  tests  with  4  S  and  13  C  antigens.  The  average  titers  of  the  experi¬ 
mental  and  control  groups  are  shown  graphically  in  figs.  1,  2  and  3.  It  will  he 
noted  that  the  titers  increased  during  vaccination  and  reached  a  maximum  of 
around  1 :600  and  1:700  at  the  2  weeks  interval.  The  titers  for  strain  4  S  were 
consistently  higher  than  those  for  13  C  in  spite  of  the  fact  that  there  were  more 
organisms  of  the  latter  strain  in  the  total  amount  of  vaccine.  Sera  obtained 
at  later  intervals  were  found  to  have  progressively  lower  titers  until  at  5  months 
the  levels  were  slightly  higher  or  nearly  the  same  as  before  vaccination.  The 
agglutination  tests  indicate  that  the  subcutaneous  vaccinations  caused  an 
increase  in  the  blood  agglutinin  titers  for  the  2  strains  of  lactobacilli  employed 


- 13  c 

Fig.  1.  Average  agglutination  titers  of  persons  having  reductions  in  average  salivary 
counts  which  were  greater  than  could  be  accounted  for  on  basis  of  chance. 

in  the  vaccines.  The  average  titers  in  the  control  group  varied  only  a  little 
during  the  experimental  period. 

Pre-breakfast  salivary  samples  were  received  and  counts  made  for  lacto¬ 
bacilli  twice  weekly  during  the  4  weeks  preceding  the  injections,  the  4  weeks  of 
immunization  and  the  8  weeks  post-immunization  period.  The  counts  for  all 
persons  were  divided  into  2  parts,  those  obtained  up  to  and  through  the  final 
injections  were  regarded  as  “before,”  all  others  within  the  2  month  period  after 
the  last  injection  as  “after.”  The  counts  in  each  group,  before  and  after,  were 
added  and  averaged.  If  humoral  antibodies,  measured  here  as  agglutinins, 
or  some  other  substance  stimulated  by  vaccination,  have  any  effect  on  the 
lactobacilli  in  the  mouth  they  might  be  presumed  to  be  most  effective  when  the 
blood  titer  is  at  its  maximal  or  after  completion  of  injections.  It  was  noted 
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ijigs.  1  and  2)  that  the  average  titers  were  highest  at  the  2  weeks  period.  All 
counts  after  the  last  injection  may  be  regarded  as  having  been  affected  by  the 


- 13  c 

Fig.  2.  Average  agglutination  titers  of  persons  having  changes  in  average  salivary  counts 
which  were  within  limits  of  chance  variation. 


Fig.  S.  Average  agglutination  titers  of  unvaccinated  controls. 

increased  agglutinin  titers.  The  counts  in  the  control  group  were  separated 
and  averaged  on  the  same  time  basis  as  used  for  the  immunized  group. 
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Salivarj'  counts  of  the  pre-breakfast  type  were  repeated  twice  weekly  for  5 
weeks  about  5  months  after  the  final  injections.  The  figures  were  averaged  and 
compared  with  the  averages  before  and  during  the  2  month  interval  after  vac¬ 
cination.  It  is  generally  agreed  that  comparisons  between  arithmetical  averages 
have  no  significant  meaning  unless  some  analysis  is  made  of  the  data  which 
have  been  used  to  compute  the  averages.  All  changes  in  salivary  counts  whether 
they  were  increases  or  decreases,  were  analyzed  statistically.  The  standard 
error  of  any  difference  between  the  averages  was  determined  and  applied  to 
probability  tables  in  order  to  estimate  the  percentage  of  times  the  observed 
differences  could  be  due  to  chance  (5).  Any  difference  in  the  averages  which 
was  shown  to  have  a  percentage  probability  of  5%  or  less  was  regarded  as  sig¬ 
nificant,  that  is,  a  difference  greater  than  could  be  accounted  for  on  the  basis 
of  chance.  Higher  percentage  probabilities  were  regarded  as  within  the  limits 
of  chance  variation.  On  the  basis  of  the  results  from  these  statistical  analyses 
the  vaccinated  group  was  divided  into  2  sections.  One  showed  significant 


TABLE  I 

Persons  having  reductions  in  salivary  counts  which  were  greater  than  could  be  accounted 

for  on  the  basis  of  chance 


Two  months 


Five  months 


Vol. 

Average  | 

Highest  j 

Lowest 

Average 

Average 

Highest 

Lowest 

ARA 

88* 

219 

36 

30 

4 

215 

343 

106 

MAN 

1424 

1  6100 

195 

173 

I  25 

238 

508 

20 

REE 

814 

2500 

1  7 

13 

18 

;  5 

29 

33 

25 

ROS 

725 

1  2300 

i  25 

245 

— 

— 

— 

SCO 

161 

434 

1  26 

56 

1  127 

1 

56 

147 

23 

All  figures  given  are  in  thousands. 


decreases  in  average  counts  during  the  2  months  after  vaccination,  and  the  other 
had  changes  which  were  within  the  limits  of  chance  variation.  The  before, 
after  and  5  month  averages  as  well  as  the  highest  and  lowest  counts  for  the 
former  section  are  presented  in  Table  I.  It  may  be  assumed,  for  the  present, 
that  the  findings  in  these  cases  were  a  result  of  vaccination.  The  averages 
obtained  from  counts  5  months  after  were  compared  with  the  averages  before 
and  during  the  2  months  after  vaccination.  Note  that  the  averages  are  lower 
than  before  vaccination  except  for  A  R  A,  but  are  the  same  or  higher  than  the 
averages  at  2  months.  The  observations  might  indicate  that  due  to  the  decrease 
in  blood  agglutinins  w  ith  the  passage  of  time,  as  seen  in  figs.  1  and  2,  there  also 
w  as  a  decreased  effect  on  the  oral  lactobacilli.  The  comparisons  wdth  the  other 
averages,  however,  indicated  that  all  the  figures  at  5  months  were  within  the 
limits  of  chance  variation. 

The  results  of  similar  analyses  for  all  other  persons  in  the  vaccinated  group 
are  shown  in  Table  II.  The  persons  in  this  section  had  changes  in  average 
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counts,  increases  or  decreases,  which  were  within  the  limits  of  chance  variation. 
Figures  on  DIE,  PER  and  WAT  could  not  be  obtained  at  5  months. 


TABLE  II 

Persons  with  changes  in  counts  within  limits  of  chance  variation 


Two  months  ! 

Five  months 

Vol. 

Average 

Highest 

Lowest 

Highest 

Lowest 

Average  1 

Highest  { 

Lowest 

AND 

118* 

386 

4 

106 

2&4 

35 

29  1 

54 

4 

BRA 

562 

53 

332 

892 

202 

426  j 

668  1 

118 

CAR 

722 

6112 

16 

87 

254 

11 

26 

56  1 

2 

CUR 

2256 

9840 

295 

508 

100 

373 

420 

217 

DIE 

49 

135 

4 

53 

81 

5 

— 

— 

— 

GRE 

169 

480 

15 

147 

381 

30 

69 

212 

8 

GOL 

105 

180 

24 

161 

381 

31 

38 

95 

16 

HAI 

411 

1588 

2 

8 

25 

2 

4 

8 

1  2 

KAU 

69 

127 

16 

80 

145 

32 

56 

184  ^ 

1 

KLE 

5774 

13580 

1000 

6223 

10160 

2500 

2600 

3360 

2000 

LEY 

238 

812 

40 

45 

101 

7 

56 

110 

7 

SUB 

744 

5000 

11 

311 

761 

80 

1140 

2540 

200 

MAR 

660 

1271 

24 

46 

190 

10 

28 

57 

12 

PER 

91 

728 

36 

50 

181 

24 

— 

— 

1  — 

WAT 

299 

524 

13 

309 

1016 

60 

— 

— 

1  _ 

1 

*  All  figures  given  are  in  thousands. 


TABLE  III 


Controls — any  changes  were  within  limits  of  chance  variation 


Two  months 


Five  months 
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with  the  “before”  average  counts.  Of  the  15  persons  having  reductions,  the 
differences  in  the  averages  of  only  5  could  be  shown  to  be  greater  than  could  be 
accounted  for  by  chance.  All  other  reductions  and  increases  w^ere  within  the 
limits  of  chance  variation.  The  data  indicates  that  the  counts  in  only  5  out 
of  20  persons  or  (25%)  could  have  been  affected  by  the  vaccination. 

The  average  agglutinin  titers  of  the  groups  in  Tables  I  and  II  are  presented 
in  jigs.  1  and  2  respectively.  The  curves  are  similar  in  shape  and  the  average 
titers  do  not  differ  greatly.  The  group,  whose  counts  were  found  to  be  sig¬ 
nificantly  reduced,  did  not  demonstrate  humoral  agglutinins  in  an  appreciably 
greater  amount  than  those  whose  reduction  in  counts  were  within  the  limits  of 
chance  variation.  Persons  with  increases  in  average  sahvary  counts,  which 
were  within  the  limits  of  chance  variation  w'ere  found  to  also  have  increased 
agglutinin  titers.  The  latter  were  of  no  less  magnitude  than  those  of  the  persons 
with  decreases.  The  results  in  this  study  seem  to  indicate  that  no  direct  rela¬ 
tionship  can  be  established  between  the  increased  agglutinin  titers  and  changes 
in  the  sahvary  counts. 

The  data  on  salivary  counts  for  the  13  imvaccinated  controls  is  illustrated 
in  Table  III.  Increases  and  decreases  in  average  counts  appeared  in  this  group 
also,  but  all  changes  were  found  to  be  wdthin  the  limits  of  chance  variation. 
Thcf  average  agglutinin  titers  for  the  group,  (see  fig.  3),  show  little  variation 
during  the  period  of  study. 

Clinical  and  X-ray  examinations  of  the  teeth  of  all  persons  were  repeated  at 
3  and  6  month  intervals  after  the  first  survey.  There  were  no  new  carious 
lesions,  nor  any  apparent  changes  in  existing  untreated  lesions  in  either  the 
vaccinated  or  control  groups. 

SUMMARY 

1.  Subcutaneous  inoculation  of  human  beings  with  both  heat-killed  and 
Uving  vaccines,  containing  the  strains  of  lactobacilli  used  in  these  tests,  was 
accomplished  4  times  at  weekly  intervals  without  inciting  any  severe  local  or 
general  detrimental  effects. 

2.  Vaccination  increased  the  blood  agglutinin  titers  for  the  strains  used  in 
the  vaccines,  the  maximum  being  attained  around  2  weeks  after  vaccination. 
The  titers  decreased  after  this  period  and  were  near  the  unvaccinated  levels 
5  months  after  the  last  injections.  Controls  showed  no  appreciable  change  in 
titer. 

3.  Salivary  counts  for  lactobacilli  over  a  period  of  4  months  demonstrated 
that  15  out  of  20  persons  (75%)  in  the  immunized  group  had  apparent  reductions 
in  average  salivary  counts.  Statistical  analysis  indicated  that  only  5  out  of  the 
20  (25%)  could  be  regarded  as  having  reductions  greater  than  could  be  accounted 
for  by  chance.  The  average  counts  for  lactobacilli  in  the  controls  showed 
changes  which  were  within  the  limits  of  chance  variation. 

4.  The  average  agglutinin  titer  levels  were  about  the  same  for  both  sections 
of  the  immunized  group,  one  with  reductions  in  average  counts  within  the 
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limits  of  chance  variation.  No  relationships  could  be  established  between  the 
blood  agglutinins  and  the  changes  in  average  counts. 

5.  The  results  seem  to  indicate  that  the  immunization,  as  performed  in  this 
study,  had  no  consistent  effect  on  the  numbers  of  lactobacilli  cultivable  from 
the  oral  cavity. 
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A  RELATIONSHIP  BETWEEN  DENTAL  CARIES  AND  SALIVA^ 

NAOMI  C.  TURNER  and  EDWARD  M.  CRANE 
Chemical  Laboratory,  Radcliffe  College,  Cambridge,  Mass. 

This  paper  reports  studies  of  variations  in  the  rate  of  starch  hydrolysis  in  the 
saliva  of  different  individuals  and  shows  a  relationship  between  the  rate  of 
hydrolysis  and  the  amount  of  caries.  Several  attempts  have  been  made  to  find 
a  significant  difference  in  the  chemical  constitution  of  saliva  associated  with 
dental  caries  as  opposed  to  the  saliva  of  caries-free  individuals  (1),  We  report 
here  a  functional  difference.  In  carrying  out  these  studies  on  hydrolysis,  the 
authors  had  before  them  no  previous  reports  of  investigations  of  this  type.® 

In  the  hydrolysis  of  starch,  as  indicated  under  standardized  conditions  by 
the  spot-test  disappearance  of  starch-iodine  blue,  saliva  associated  ^vith  severe 
caries  acts  rapidly.  Individuals  without  caries  produce  saliva  which  hydrolyzes 
starch  only  slowly. 

The  test  outlined  below  has  been  reduced  to  its  simplest  terms  in  order  to 
study  a  sufficiently  large  number  of  cases  without  undue  inconvenience  to  the 
patients  and  clinical  assistants.  Consequently,  the  experimental  error  is 
larger  than  it  might  be  in  a  more  elaborate  test ;  however,  it  was  found  that  the 
hydrolyzing  time  of  one  individual  used  as  control  could  be  consistently  repro¬ 
duced.  The  test  is  strictly  empirical.  The  end  point  is  not  easily  read,  both 
because  of  the  difficulty  in  distinguishing  between  deep  blue  and  deep  brown 
and  because  the  spot  test  does  not  “keep”  for  comparison.  Great  care  was 
exercised  to  work  on  an  objective  basis.  We  hope  that  the  work  will  be  checked 
by  others. 

After  some  experimenting  the  routine  was  established  as  follows:  Saliva  was 
taken  not  less  than  2  hours  after  eating,  the  only  stimulus  being  psychological 
and  that  of  the  explorer  as  the  dental  examiner  charted  the  cavities.  The 
sample  was  collected  in  a  trap  in  the  saliva  ejector  suction  line.  Each  break 
in  the  enamel  was  recorded  as  a  cavity;  that  is,  each  fissure,  carious  spot,  and 
filled  tooth  counts  1  in  the  figure  given  for  cavities.  Saliva  was  tested  beside 
the  dental  chair  within  1  to  3  minutes  of  collection,  since  it  was  observed  that 
the  activity  of  saliva  decreased  notably  on  standing. 

'  Received  for  publication  May  11,  1944.  Revised  by  authors,  October  2,  1944. 

'  Since  the  publication  of  our  brief  note  in  Science  (2)  a  note  from  Dr.  H.  J.  Florestano 
has  called  to  our  attention  his  interesting  study  along  this  line  made  in  1938  (3).  Using 
the  starch-iodine  reaction  as  an  index,  he  concluded  from  a  study  of  166  cases  that  there  is 
a  relationship  between  the  amount  of  caries  and  the  diastatic  index.  Differences  in  tech¬ 
nique,  particularly  our  use  of  very  fresh  saliva,  appear  to  account  for  the  wider  difference 
and  sharper  results  in  our  investigation.  Earlier  Hubbell  (4)  had  made  studies  along  this 
line  in  which  she  found  no  such  relationship.  (Gore  [J.  D.  Res.,  21: 383, 1942]  has  reported 
related  studies,  Ed.) 
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At  room  temperature  (23°C.)  1  cc.  of  saliva  was  mixed  with  1  cc.  of  1%  starch 
solution  and  the  stop  watch  was  started.  On  a  spot  plate  4  drops  of  the  mixture 
was  stirred  with  1  drop  potassium  triiodide  solution  (5g  Ij,  lOg  KI,  80  cc.  water) 
at  the  following  intervals:  30  seconds,  1,  1^,  and  2  minutes;  after  2  minutes, 
1  minute  interv^als  were  used  up  to  10  minutes,  after  which  5  minute  intervals 
were  used  until  there  was  an  indication  that  the  end  point  was  near,  when 


Fig.  1 


minute  intervals  were  resumed.  The  disappearance  of  blue-purple  color  was 
called  the  end  point.  The  spot  appeared  brown.  No  end'  point  was  accepted 
unless  2  successive  spots  agreed  in  color,  and  unless  the  brown  color  persisted 
on  high  dilution. 

Salivas  were  tested  with  “Hydrion”  paper,  and  although  there  was  con¬ 
siderable  variation  in  pH,  there  was  no  correlation  between  these  readings 
for  pH  and  the  amount  of  caries. 
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Temperature  as  well  as  the  concentration  and  proportion  of  the  reagents  is  a 
critical  factor  in  reading  hydrolyzing  time.  Diluted  potassium  triiodide  solu¬ 
tion  gives  a  blue  spot  where  the  more  concentrated  indicator  shows  brown. 
Consequently  the  times  given  below  cannot  be  taken  as  those  of  complete 
hydrolysis,  but  they  do  represent  the  attainment  of  the  same  degree  of  hydrolysis 
in  each  case.  It  is  also  necessary  to  observ'e  the  color  of  the  spot  immediately 
on  stirring,  for  on  standing  it  may  revert  to  blue.  That  is  an  extraneous  cir¬ 
cumstance  as  shown  by  the  fact  that  a  solution  of  pure  dextrins  gives,  with 
potassium  triiodide,  a  brown  spot  which  reverts  to  blue-purple  on  standing. 

Table  I  shows  the  results  of  testing  51  individuals;  the  age  range  was  5  to 
20  years  though  the  preferred  age  was  8  to  10  years.  Fig.  1  shows  the  same 
data,  exp>erimental  points  being  indicated  by  dots,  average  values  by  circles. 

The  authors  wish  to  acknowledge  with  gratitude  the  assistance  of  Dr.  P.  R.  Howe, 
Miss  Rosalie  K.  Kirby,  and  others  of  the  staff  of  the  Forsyth  Dental  Infinnarj\ 
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DENTAL  CARIES  IN  THE  COTTON  RAT‘ 

II.  Production  and  Description  of  the  Carious  Lesions 

JAMES  11.  SHAW,  Ph.D.,  B.  S.  SCHWEIGERT,  M.S.,  C.  A.  ELVEHJEM,  Ph.D.,  and 
PAUL  H.  PHILLIPS,  Ph.D. 

From  the  Department  of  Biochemistry,  College  of  Agriculture,  University  of  Wisconsin, 

Madison,  U’ls. 

An  experimental  animal  which  is  readily  susceptible  to  dental  caries  has  long 
been  recognized  to  be  the  prerequisite  for  research  in  the  causes  and  control 
of  dental  caries.  Shaw,  Schweigert,  Mclntire,  Elvehjem  and  Phillips  (1)  have 
given  evidence  that  the  cotton  rat  {Sigmondon  hispidus  hispidus)  is  much  more 
susceptible  to  dental  caries  than  any  other  experimental  animal  previously 
reported.  The  evidence  presented  indicates  the  opening  of  a  fertile  field  for 
dental  research.  The  method  of  production  and  the  description  of  the  carious 
lesions  in  the  cotton  rat  are  to  be  reported  here. 

EXPERIMENTAL 

The  cotton  rats  used  in  these  experiments  were  obtained  from  our  stock 
colony,  which  was  maintained  originally  on  the  Steenbock  stock  ration  No.  14 
which  consisted  of:  ground  corn  71.5%,  linseed  oil  meal  15%,  crude  casein  5%, 
alfalfa  leaf  meal  2%,  butter  fat  5%,  CaHP04  1%,  and  NaCl  (iodized)  0.5%. 
This  ration  was  supplemented  with  greens.  When  the  rate  of  reproduction 
was  found  to  be  unsatisfactory  on  this  dietary  regimen,  the  stock  colony  was 
fed  a  ration  which  consisted  of:  Ideal  dog  food  (\'T)  71.5%,  coarsely  ground 
com  11%,  crude  casein  7%,  alfalfa  leaf  meal  7%,  and  com  oil  3.5%.  This 
ration  was  supplemented  with  greens  and  it  promoted  satisfactory  reproduction. 
No  differences  were  observed  in  the  growth  rate  and  development  of  dental 
caries  in  the  young  cotton  rats  from  the  change  in  stock  ration. 

The  young  were  weaned  at  the  age  of  3  weeks,  and  weighed  20  to  25  gm. 
Then  they  were  placed  in  indi\Tdual  cages  on  raised  screens. 

The  basal  caries-producing  ration  (801)  consisted  of  Labco  casein  18%, 
sucrose  73%,  salts  IV'  (2)  4%,  and  com  oil  5%.  To  each  100  gm.  of  ration  was 
added:  thiamine  250  ug.,  riboflavin  300  ug.,  nicotinic  acid  2.5  mg.,  pyrido.xine 
250  ug.,  pantothenic  acid  2  mg.,  choline  100  mg.,  inositol  100  mg.,  and  p-amino- 
benzoic  acid  30  mg.  One  drop  of  haliver  oil  was  fed  to  each  rat  weekly.  A 
modification  (802)  of  this  basal  ration  was  found  to  give  more  unifomi  growth 
and  has,  therefore,  been  used  recently  as  the  caries-protlucing  ration.  It 
consisted  of  an  increase  in  the  ca.sein  to  24%,  at  the  expense  of  the  sucrose.  * . 

‘  Publislied  with  the  approval  of  the  ilirector  of  the  Wiseonsin  Agricultural  Hvperiiuent 
Station.  This  work  was  supported  in  part  by  a  grant  from  the  Nutrition  Foundation, 
Inc.,  New  York.  Received  for  publication  July  28,  1944. 
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In  the  preliminan’  experiments  the  cotton  rats  were  left  on  experiment  for 
10  to  14  weeks.  It  was  found  that  14  weeks  was  the  optimum  experimental 
period  for  accurate  evaluation  of  the  number  of  carious  lesions  and  the  extent 
of  each  indi^^dual  lesion.  At  that  time,  the  lesions  were  large  enough  to  be 
readily  detected,  and  yet  not  so  large  that  any  extensive  fracturing  of  the  cusps 
had  occurred.  A  minimum  amount  of  fracturing  was  a  prime  necessity,  since 
widespread  fractured  areas  would  involve  and  obscure  several  of  the  original 
carious  lesions. 

The  caries-preventing  rations  were:  coarse  and  fine  stock  ration  No.  14, 
ration  801  with  the  sucrose  replaced  by  coarse  or  fine  dextrin,  and  the  dog  food 
stock  ration. 

At  the  end  of  the  experimental  period,  the  animals  were  sacrificed  by  decapita¬ 
tion.  The  heads  were  immediately  fixed  in  95%  ethanol,  and  left  there  for  24 
to  48  hours.  The  jaws  were  then  prepared  for  grinding  by  dissecting  off  the 
skin  and  flesh.  The  jaws  of  each  head  were  tied  together  and  stored  in  fresh 
ethanol  until  observations  could  be  made. 

The  jaws  were  never  allowed  to  dr>%  and  were  never  boiled  in  order  to  ease 
the  process  of  cleaning.  It  was  found  that  drying  or  boiling  greatly  obscured 
the  softening  changes  which  were  present  in  the  carious  lesions  prior  to  fixation. 
Frequently  we  found  that  such  drastic  treatment  caused  artefacts  such  as 
drying  and  shrinking  of  the  carioas  material,  and/or  crumbling  and  sloughing 
of  the  affected  areas. 

By  leaving  the  heads  in  95%  ethanol  for  24  to  48  hours,  it  was  found  that  all 
the  soft  tissue  was  hardened  sufficiently  to  be  easily  stripped  from  the  bones. 
By  this  type  of  treatment  all  jaws  were  fixed  in  such  a  way  that,  if  desired  in 
view  of  findings  in  the  grinding  and  observation  process,  they  could  be  used 
for  histological  examination  of  the  more  minute  structural  details. 

The  observations  on  the  molar  teeth  reported  here  were  made  by  grinding 
and  observing  several  successive  planes  parallel  to  the  occlusal  surface.  After 
each  grinding  step,  the  newly  exposed  plane  was  observed  under  reflected  light 
at  a  magnification  of  30  diameters  with  a  binocular  dissecting  microscope. 
Each  lesion  observed  was  carefully  explored  with  a  No.  42  fine,  smooth,  dental 
brooch  to  determine  the  depth  and  w  idth  of  the  softening  area  as  a  supplement 
to  the  visual  clianges  in  structure,  color,  and  opalescence.  When  the  entire 
vertical  axis  of  a  lesion  liad  l>een  ground  through,  a  com{}osite  picture  of  the 
lesion  was  derived  by  the  summation  of  the  {xirtions  observed  in  the  successive 
planes.  Such  a  composite  picture  was  essential  in  order  for  the  observer  to 
accurately  evaluate  the  extent  of  the  lesion. 

In  this  paper,  only  the  observations  of  the  carious  lesions  made  by  the  alter¬ 
nate  giinding  and  observation  procedure  will  Ije  reported.  Histological  observa¬ 
tions  will  l>e  repoited  later. 

RKriL’I/rs 

Dt^iption  of  tii£  Deidiiion  of  Oce  CoUou  Rui:  The  dentition  of  the  cotton 
rat  is  similar  to  that  of  the  white  rat:  monophyodont,  1  incisor  and  3  molars 
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in  each  quadrant  of  the  jaws,  continuously  erupting  incisors,  and  molars  which 
are  more  highly  developed  than  the  incisors  and  which  are  limited  in  develop¬ 
ment  to  the  early  period  of  life.  The  molars  are  similar  to  those  of  the  white 
rat  in  most  respects.  The  chief  difference,  peculiar  to  the  species,  which  may 
be  the  fundamental  difference  in  so  far  as  caries  susceptibility  is  concerned,  is 
the  extremely  narrow,  deep,  occlusal  fissures  in  the  molars  of  the  cotton  rat. 

When  the  molars  of  the  cotton  rat  were  erupted,  there  were  definite,  distinct 
cusps  as  in  the  white  rat.  However,  in  the  cotton  rat,  the  completely  trans¬ 
verse  occlusal  fissures  separating  the  cusps  were  very  shallow.  A  very  small 
region  of  prenatally  enamel-free  dentin  was  usually  present  in  each  cusp  which 
became  larger  as  the  cusp  was  more  deeply  abraded.  Since  the  enamel  was  more 
resistant,  the  enamel  rim  was  perceptibly  higher  than  the  exposed  dentin. 
After  a  period  of  3  or  4  weeks  of  occlusal  contact,  enough  attrition  has  occurred 
that  the  cusps  have  been  abraded  to  a  level  below'  the  bottom  of  the  original 
shallow,  transverse,  occlusal  fissures  which  separated  the  individual  cusps. 
In  this  way  the  original,  distinctly  individual  cusps  became  connected  at  the 
occlusal  surface.  Thus,  the  exposed  dentin  region  of  a  cusp  became  connected 
to  the  similar  area  in  the  next  cusp  mesial  or  distal  to  it  by  a  narrow  strip  of 
exposed  dentin,  flanked  on  each  side  by  a  slightly  higher  rim  of  enamel.  Thus, 
in  the  cotton  rat,  the  occlusal  surface  of  the  molar,  shortly  after  its  eruption, 
had  a  continuous  region  of  exposed  dentin  extending  from  the  mesial  to  the 
distal  cusp. 

The  occlusal  fissures  which  lie  between  these  connecting  cusps  were  exceedingly 
narrow  and  deep.  They  extended  from  either  the  labial  or  lingual  surface  §  to 
§  acrass  the  molar,  and  from  the  occlusal  surface  almost  to  the  cemento-enamel 
junction. 

Regions  of  Tooth  Decay:  Tooth  decay  in  the  cotton  rat  occurred,  almost 
exclusively,  deep  in  the  occlusal  fissures  of  the  molars.  .A  very  low  incidence 
of  decay  was  observed  on  the  proximal  surfaces  and  on  the  exposed  occlusal 
surfaces.  The  rarest  location  where  decay  was  observed  was  along  the  gingival 
margin.  The  progress  of  the  (;ariou8  lesions  in  all  4  regions  appearetl  to  be 
identical.  No  lesions  were  observed  in  the  incisors. 

The  carious  lesions  in  the  occlusal  fissures  l)egan  at  such  a  depth  that  early 
lesions  were  not  evident  upon  insfiection  of  the  intact  tooth.  When  decay 
had  progressed  considerably,  fracture  of  portions  of  the  undermined  cusp  would 
occur.  Only  then  would  the  lesion  lH*come  evident  from  the  occlusal  surface. 
Since  it  was  desirable  to  study  the  t«H‘th  before  any  extensive  amount  of  fractur¬ 
ing  had  occurnal  to  obscure  the  original  picture  of  the  proct*s8es  of  decay,  an 
alternate  grinding  and  observation  procetlure  similar  to  that  of  Cox  and  Dixon 
(3)  was  necessary  to  expose  the  early  carious  lesions  hidilen  ilwp  in  the  iH'clusal 
tissurt's. 

The  first  indication  of  tiet;ay  varied.  In  most  cases  the  ilegiw  of  ilarkening 
of  the  enamel  varie<I  from  a  slight  yellow  tinge  to  a  iletinite  brown.  This 
was  accompanied  by  a  disapiiearance  t)f  the  pearly  opalescence  aiul  the  striae 
of  the  eiuunel.  Kven  at  this  early  stiige,  there  was  a  iletinite  softening  of  the 
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enamel  which  became  obvious  when  the  suspected  lesion  was  probed  with 
a  No.  42  fine,  smooth,  dental  broach.  At  this  time,  the  softening  was  accom¬ 
panied  by  a  definite  resilience  which  was  soon  lost  as  the  carious  lesion  pro¬ 
gressed. 

The  destruction  of  the  enamel  appeared  to  be  quite  rapid  once  the  initial 
lesion  was  established.  Wide  areas  of  enamel  had  been  invaded  before  much 
penetration  of  the  dentin  occurred.  The  lesion  then  spread  very  rapidly  into 
the  dentin  until  lai^e  areas  of  the  cusp  were  involved.  Once  the  early  stages 
of  the  process  have  passed,  there  was  usually  no  color  to  be  observed  in  the 

TABLE  I 


Typical  observation  record  of  cotton  rat  fed  ration  802  for  H  weeks 


JAW  ! 

LEFT  ! 

RIGHT 

TOTAL 

Position  : 

Extent  { 

Position  1 

Extent  1 

No.  of  cariesj  Extent 

Upper  1 

7  i 

2-1- 

8 

2-1- 

9 

3-H 

10 

2-1- 

11 

2-1- 

12 

3-1- 

13 

2-1- 

14 

2-1- 

15 

3-i- 

16 

2-1- 

Total . 

5 

12-1- 

5 

11-1- 

10  23-1- 

Lower 

23 

2+ 

24 

2-f 

25 

2+ 

26 

3-1- 

29 

3-1- 

30 

2-1- 

31 

4-f 

32 

4-1- 

33 

4-1- 

34 

3-1- 

35 

2-1- 

36 

2-f 

37 

3-1- 

38 

3-f 

*39 

4-1- 

40 

4-f 

Total . 

8 

24-1- 

8 

23 -f 

16  47-f 

Grand  total . 

13 

36 -f 

13 

34 -f 

26  70-f 

lesions,  other  than  a  very  faint  yellow  replacing  the  pearly  white  opalescence 
of  the  enamel  and  the  faint  pink  of  the  dentin. 

About  this  time  fracture  began  to  occur.  Usually  no  large  portions  of  the 
undermined  cusp  broke  away  at  any  one  time;  but  instead  small  chips  were 
broken  off  by  the  pressure  of  mastication.  This  was  a  progressive  development 
occurring  as  the  cusp  was  more  deeply  undermined  by  the  carious  lesions. 
Finally  fracture  progressed  until  the  entire  cusp  had  been  lost.  Where  a  cusp 
had  been  undermined  by  a  carious  lesion  in  the  fissure  on  each  side,  fracture  of 
the  cusp  could,  and  frequently  did,  occur  from  both  sides.  This  eventually 
would  result  in  the  total  loss  of  the  cusp.  This  would  make  it  impossible  to 
evaluate  the  carious  processes  of  that  animal  as  accurately  as  if  it  had  been 
killed  before  fracture  liad  become  so  extensive. 


Fiij.  I.  OccluHiil  Hurfacc  of  an  uppor  rinht  first  molar.  No  raritais  losions  art*  visible 
from  siirfact*.  Ilowt'ver,  upon  Ki'i'<*ii"K  nml  observation,  it  was  foniul  that  tluTe  was 
24  lesion  in  fissure  (i  ami  an  »*arly  If-f-  in  fissure  S.  X  Itt 

/■’/(/.  2.  Transv<*rse  plane  of  low«*r  rit;lit  tliinl  molar.  Note  normal  enamel  surfaces 
aloiiK  both  sides  of  fissures  liS  ami  It).  X-ftl. 

Fitj.  .4.  Transverst*  plane  of  lower  right  st*ctiml  molar.  Nt'te  I  f  carious  lesion  on  mesial 
surfact*  of  fissure  :f2.  Dt'finitt*  darkening  of  enamel  can  bt*  seen  and  up«m  probing  this 
lesion,  i‘naim‘l  was  found  to  bt*  alrt*aily  tpiite  tlefinitely  stiftenetl.  X  ItN). 

Fill.  4.  Transvt*rst*  plant*  of  lowt*r  right  first  molar.  N'tttt*  2  f  carious  lesion  oii  ilistal 
surfact*  of  lissurt*  2t>.  'I'hert*  is  with*  area  of  t*namt*l  invitlvetl  with  vt*ry  little  pt*n  i-atimi 
tif  ih'ntin  visibh*  yet .  In  fissure  2S,  an  t*arly  I  f  lesion  is  visible  ttu  tlistal  surfac  X4tt 
Fiij.,’).  'rransvt*rst*  plant*  of  lowt*r  right  first  molar  Ni»te  Iff-  carious  lesion  i  ttiving 
mesial  surfact*  tif  lissurt*  dll.  'I'hert*  is  with*  area  itf  enamt*l  ami  ilentin  penetratittt.  witlu>ut 
any  fracturing  of  cusp.  4  f  lesion  is  present  on  ilistal  surface  of  fissure  2t>.  XIO. 
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Fitj.fi.  'I'raiisvorw'  plane  of  lower  left  Hoeoiid  molar.  Note  early  1-|-  carious  lesion  on 
distal  surfa<-e  of  fissure  wliere  there  has  been  slight  fraeturiiiK  of  enamel  aloiit;  wide  area. 
In  this  tooth  there  is  also  2-+-  lesion  on  distal  surface  of  lissure  dl  and  ‘.i  {  lesion  involving 
most  of  bottom  of  fissure  X4(J. 

Fig.  7.  Transversi?  jdane  of  upjwr  rinht  first  molar.  Not<-  late  1 -f  carious  lesion  on 
mesial  hurfai-e  of  fissure  H.  ( 'onsiderable  fraeturitiK  has  occurred  and  lesion  has  pronresseil 
(Im'p  into  dentin.  X4b. 

Fig.  8.  Traiisvers*;  plane  of  lower  right  s4‘<‘ond  molar.  Note  ••arly  r»  f  carious  lesion 
at  lingual  eml  of  fissure  Ilf.  Large  amount  of  fracturing  has  occurred  and  lesion  is  just 
about  to  break  through  into  fissures  If2  and  Ifti.  X  Id. 

Fig.  8.  'l'ransvers«'  j)lane  of  lower  right  s<‘<-ond  molar.  .Note  late  it  )  carious  lesion 
involving  fissures  112  and  Iff.  .\t  this  stage  accurate  evaluation  is  impossible  since  this 
lesion  may  tiave  been  due  to  one  lesion  in  either  lissure  or  lesion  in  each  fissurtv  'I'here  is 
also  an  early  f-f  lesion  in  lissure  Ifti.  Xfd. 
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TABLE  II 

Comparison  of  caries -producing  ability  of  various  rations  when  fed  to  the  cotton  rat 


lATION 

NUMBER  or 
WEEKS 

NUMBER  OF 
ANIMALS 

AVERAGE 

NUMBER  OP 
CARIOUS 
LESIONS  (d) 

AVERAGE  ! 

EXTENT  or 
CARIOUS 
LESIONS  (e) 

AVERAGE 
EXTENT  or 
E.\CR  CARIOUS 
LESION 

(e/d) 

SOI 

mm 

9 

12.3 

2.2+ 

4 

20.3 

2.4+ 

HI 

24 

25.5 

2.8+ 

802 

12 

6 

21.8 

41.2+ 

1.9+ 

14 

26 

26.9 

72.2+ 

2.7+ 

Coarse  dextrin 

12 

3 

2.0 

2.0+ 

1.0+ 

14 

5 

2.4 

6.6+ 

2.8+ 

Fine  dextrin 

12 

1 

1 

1.0+ 

1.0+ 

Coarse  stock  ration 

12 

3 

6.0 

12.0+ 

2.0+ 

No.  14 

14 

4 

6.8 

15.5+ 

2.3+ 

50 

23 

3.0 

7.6+ 

2.5+ 

Fine  stock  ration  No.  14 

12 

3 

6.0 

8.0+ 

1.3+ 

Dog  food  ration 

14 

3 

5.3 

10.3+ 

2.0+ 

TABLE  III 


Relative  incidence  and  extent  of  carious  lesions  in  molars  of  cotton  rats  fed  caries -producing 

rations  for  14  weeks 


424 


SHAW,  SCHWEIGERT,  ELVEHJEM  AND  PHILLIPS 


The  surface  exposed  by  the  fracture  did  not  appear  to  be  attacked  by  the 
processes  of  decay  at  any  greater  rate  than  if  fracture  had  not  occurred.  Instead 
decay  progressed  into  the  exposed  face  from  the  original  lesion  at  about  the 
same  rate  as  if  no  fracture  had  occurred  to  expose  further  regions  of  the  tooth 
to  decay.  Fracture  of  a  different  type  occurred  occasionally  in  those  cotton 
rats  which  were  fed  coarse  stock  rations.  The  fractures  in  these  cases  were 
not  due  to  an  undermining  of  the  cusp  by  a  carious  lesion,  but  were  caused  by 
the  mastication  of  coarse  food  particles  which  weakened  the  tooth  structure. 
Here  again  after  thl*  type  of  fracture,  the  newly  exposed  area  of  the  molar  did 
not  appear  to  be  susceptible  to  tooth  decay.  It  was  only  rarely  that  a  carious 
lesion  was  obser\ed  on  this  exposed  surface. 

The  method  of  recording  the  position  of  the  carious  lesions  and  the  arbitrary 
system  for  the  evaluation  of  the  extent  to  which  the  decay  had  progressed  were 
presented  in  a  previoas  paper  (1).  The  record  of  the  observations  of  a  typical 
cotton  rat  fed  ration  802  for  14  weeks  is  given  in  Table  I.  Figs.  1  to  9  present 
examples  of  normal  teeth  and  various  stages  of  the  carious  lesions. 

Froduciion  of  Carious  Lesions:  The  caries-producing  ability  of  various 
rations  is  presented  in  Table  II.  The  high  sucrose  rations,  801  and  802,  when 
fed  for  a  period  of  10  to  14  weeks,  resulted  in  a  very  high  incidence  of  carious 
lesions  in  the  occlasal  fissures  of  the  cotton  rat.  The  optimum  experimental 
jjeriod  was  found  to  be  14  weeks.  The  high  incidence  of  carious  lesions,  ob¬ 
served  in  the  cotton  rats  fed  the  sucrose  rations,  is  in  great  contrast  to  the  very 
low  incidence  in  those  fed  the  dextrin  rations  or  the  stock  rations.  In  this 
table  it  will  be  seen  that  the  extent  of  each  carious  lesion,  at  the  end  of  the 
experimental  period,  is  almost  the  same  regardless  of  whether  that  lesion  was 
developed  in  an  animal  on  a  sucrose  ration  or  on  one  of  the  caries-preventing 
rations.  This  may  indicate  tliat  the  carious  lesions  once  begun,  progress  at  a 
speed  relatively  independent  of  the  ration  which  the  animal  was  fed.  How¬ 
ever,  in  the  cotton  rat  the  process  of  the  initiation  of  the  lesion  was  very  defi¬ 
nitely  dependent  on  the  ration. 

In  order  to  indicate  the  reliability  of  the  two  sucrose  rations  in  producing 
caries  in  the  cotton  rat,  comparative  analysis  of  the  incidence  of  dental  caries 
in  the  individual  molars  of  all  animals  fed  l>oth  rations  is  presented  in  Table 
III.  An  almost  identical  incidence  and  extent  of  the  lesions  can  be  seen  in 
resiXictive  molars  in  the  groups  fwi  the  two  rations. 

ijiHcrssio.N 

'I'he  cotton  rat  fe<i  sucrose  ration  801  or  802,  is  more  susceptible  to  tooth 
<iecay  tlian  any  other  ex|>erimeiital  animal  yet  re|x>rted.  This  is  in  contrast 
to  the  low  incidence  on  a  similar  ration  in  which  sucrose  is  replaced  by  dextrin 
or  on  rations  comjx.»sed  of  natural  fixxJstuffs.  The  topographical  structure  of 
the  (Xilton  rat  molar  probably  has  a  very  important  relation  to  the  incidence 
of  caries  on  a  sucrose  ration.  '1  he  deep  narrow  fissures  of  the  cotton  rat  molar 
are  in  great  contiast  to  the  wide  sliallow  fissures  (jf  the  white  rat  molar  where 
the  impaction  of  a  laige  fermentable  particle  ap|M;ars  to  lx;  a  prerequisite  for 
caries  production.  'I'hus,  in  the  wjtton  lat  the  factor  of  particle  size  (which  is 
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SO  diflBcult  to  control  in  the  white  rat)  has  been  eliminated  by  the  use  of  a  syn¬ 
thetic  type  of  ration  containing  a  high  level  of  sucrose.  The  high,  and  con¬ 
sistent  rate  of  incidence  of  carious  lesions  in  the  cotton  rat  makes  possible  a 
thorough  study  of  the  causes  of  dental  caries  and  their  prevention. 

The  cotton  rat  is  far  removed  phylogenetically  from  the  human  species.  It 
would  be  desirable  to  have  a  highly  susceptible  species  that  was  much  more 
closely  related  to  the  human.  However,  until  that  animal  is  found,  the  cotton 
rat  can  be  profitably  used  for  many  types  of  dental  research.  The  optimum 
experimental  period  of  14  weeks  is  sufficiently  short  that  results  can  be  obtained 
and  rechecked  several  times  in  the  period  which  would  be  necessary  in  the 
monkey  or  the  human. 

Under  our  experimental  conditions,  the  necessity  for  an  experimental  period 
of  14  weeks  must  be  emphasized.  The  progress  of  decay  is  verj*  rapid  in  the 
cotton  rat.  Most  of  the  lesions  are  initiated  before  10  weeks  on  experiment, 
and  are  reasonably  visible  at  10  and  12  weeks.  However,  the  optimum  time 
for  observation  is  after  14  weeks  on  experiment.  At  that  time,  the  lesions  are 
large  enough  to  be  readily  observ’ed  by  our  methods  of  investigation.  However, 
any  extension  of  the  experimental  period  beyond  14  weeks  to  allow  the  lesions 
to  become  larger  is  actually  futile,  since  fracturing  of  the  undermined  cusps 
after  that  time  has  become  so  great  that  accurate  evaluation  is  no  longer  possi¬ 
ble.  The  number  of  carious  lesions,  though  each  lesion  individually  is  larger, 
is  reduced  by  the  merging  of  lesions  and  their  fractures,  each  original  lesion 
having  lost  its  individuality. 

As  yet  only  one  strain  of  cotton  rat  has  l>een  studied  to  determine  its  sus¬ 
ceptibility  to  caries  formation.  Other  strains  are  now  Innug  investigateil  and 
additional  ones  will  be  studied  as  they  Wome  available. 

SUMMARY 

The  type  of  carious  lesions  occurring  in  the  molar  teeth  of  a  strain  of  cotton 
rats  and  the  method  of  production  of  these  carious  lesions  is  presented.  The 
sucrose  rations  which  were  used  to  prodtice  the  high  inciilence  of  carious  lesions 
are  described,  along  with  the  experimental  handling  of  the  cotton  rats.  The 
high  susceptibility  of  the  molar  teeth  of  the  cotton  vats  feil  a  sucix»se  ration  is  in 
ver\'  great  contrast  to  the  high  I'esistance  of  those  feil  the  various  caries-pre¬ 
venting  rations. 

The  authors  believe  that  the  cotton  rat  is  the  mast  caries-susceptible  experi¬ 
mental  animal  yet  reportetl.  Its  use  is  rocommeiultHl  in  nnmy  tyj)es  of  research 
involving  the  causes  and  control  of  dental  caries. 

Wo  are  iiulebted  to  Merck  aiul  (\>.,  Rahway,  New  Jersey  for  the  ayulhetie  vitamins 
and  to  .\l)hott  lialmratoriea,  North  C'hieago,  Illinois  for  halibut  liver  oil. 

The  authors  wish  to  express  their  uppreciatimt  to  Anna  l.ou  Hansen  for  te^'hnical 
assistance. 
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A  PRELIMINARY  SURVEY  OF  THE  POUCHES  AND  DENTITION 
OF  THE  SYRIAN  HAMSTER' 


PAI  L  H.  KKYKS  and  PETER  P.  DALE’ 

From  the  Division  of  Dental  Research,  The  I'nirersity  of  Rochester  School  of  Medicine  and 

Dentistry,  Rochester,  X. 

In  recent  years,  the  Syrian  or  giolden  hamster  (Cricetus  auratu^)  has  become 
increasingly  useful  as  a  laboratory'  animal.  Its  potential  value  in  dental  re¬ 
search  was  suggested  by  Arnold  (1)  in  1942.  Although  the  albino  rat  has  lieen 
used  exten.sively  for  dental  investigations,  it  has  not  l)een  entirely  satisfactory 
l)ecause  certain  features  of  its  dentition  are  not  analogous  to  the  human  (2). 
Preliminary  observations  of  experimentally  proiluced  dental  lesions  in  the 
molar  teeth  of  the  hamster  (1,3)  have  been  encouraging.  The  jK)ssibility  that 
this  animal  may  prove  useful  for  dental  studies  and  eliminate  certain  objec*- 
tionable  features  of  the  rat  has  prompted  a  preliminary  sur\'ey  of  some  general 
characteristics  of  its  oral  cavity. 

THE  HIT  CAL  POICHES 

rhe  presence  of  2  well-developed  buccal  pouches  {tig.  i)  is  a  distinctive  feature 
of  hamsters.  They  are  balloon-like  structures  locatetl  beneath  the  denuis 
along  the  lateral  side  of  the  head  and  neck  {tig.  2)  and  consist  largely  of  dense 
fibrous  elastic  tissue.  Each  is  suspended  by  a  thin  muscle  slip  which  inserts 
int«>  the  lumbar  fascia  in  the  mid-ilorsal  line.  'I'he  pouches  ojh'u  into  the  mouth 
through  the  diastema  between  the  inci.'^ors  and  the  molars.  Appait'iitly  they 
have  no  digestive  function  and  are  not  related  to  the  salivary  glaiuls. 

The  pimches  are  employed  in  carrying  foinl.  The  extent  to  which  they  aiv 
ustnl  in  the  laboratory  depends  on  the  nature  of  the  iliet,  and  to  some  degrtv, 
on  the  sex  of  tlu*  animal.  Hamsters  on  a  finely  milled  iliet  seldom  till  them,  but 
thosi'  receiving  whole  corn  or  food  pellets  habitually  carry  their  ration  from  the 

•  Now  on  <luty,  A.  U.  S.,  Dental  t'orps. 

'This  w«)rk  was  made  possible  by  a  urant  ol'  the  ('arne>;ie  t\»rpt>ration  i*f  New  York 
and  the  hiastinan  Dental  Dispensary  of  U«»ehester,  New  Y»»rk.  Reeeivetl  fv»r  publication 
tVtober  It,  lt>44. 

•The  golden  hamster,  lirst  deseribetl  by  Waterhouse  in  is;t‘>  (4,  5>  is  native  to  Syria 
and  is  smaller  than  eoininon  European  species.  It  is  eovereil  by  sinoiUh  short  fur,  ^oUlen- 
brown  dorsally  and  li^ht  gray  vent  rally.  Kinnales  are  consistently  larger  and  heavier 
than  n\ales,  but  rarely  e.\eee»l  7  inches  in  lent;th  or  'JtK)  (;rams  in  weight  vhb  These  anunals 
l>eeoine  sexually  inatun*  when  7  or  S  weeks  old  and  priului'e  litters  of  t»  i>r  7  yvnutK  after 
a  (testation  period  «»f  Iti  days.  Pew  females  have  nn»re  than  4  litters;  nevertheless,  they 
continue  to  ovidate  every  4  days  unt  il  quite  old  (71.  .\  winter  breeding  pause  from  tVtober 

to  February  may  be  partially  overcome  by  providing  animal  quarters  with  more  light. 
Tri'atment  with  gonadotropic  hormones  permitted  pregnancies  in  mninal  animals  iluring 
the  breeding  pause  ami  in  sterile  and  senile  females  during  the  natural  breciling  season 

4J7 


/'<(/.  /.  Head  of  Syrian  liaruHter;  A.  l*omdi<*H  «*in|)ty;  If.  l*ouclu“n  filled  with  food. 

/■'((/.  it.  I>i(iweti(jn.  <lorKal  view.  Poueheti  are  filled  with  <-orn  and  have  been  drawn  away 
from  head  to  t-how  siii»|X'nisory  inmscle, 

t'lg.  S.  Skull  «jf  mature  Syrian  haiiihter  xhowini:  notched  mandihular  incisor  and  ty|)ical 
•x-clu.sion  of  molar  teeth.  Projection  foiiml  in  rat  on  lateral  aspect  of  ramus  laoic-ath 
sigmoid  notch  is  ahsi-nt  in  hamster. 

Till.  TKKTII  A.M)  TIIKIU  KUrmo.N 

'I'ht'  dentition  of  tfie  Sytian  Inunster  i.s  inonopliyodont ,  polyltiinodont,  and 
braeliytxlont .  'J'ln'  dental  fonniila  is  typical  of  rodents: 

I  '  (;  *’  1*.\1  M 

1  I)  0  i 

Hiiinary  eruption  (tf  teeth  in  tin*  hainstt*r,  as  stiiditsl  l»y  g;ros.s  exaniination, 
apix'ais  t<j  he  tpiite  refiolar  and  snltject  to  a  normal  r:infj;e  of  vtirialion.  'I’he 
pnx-es."  inay  he  slightly  more  a«lvanced  in  rapidly  d(‘V(‘l«»ping  animals  iind  .small 
litters  than  iti  slowly  growing  animals  :tnd  huge  litters. 
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food  container  to  a  rear  corner  of  the  cage.  Females  .show  more  inclination  to 
store  f(KKi  than  males,  but  under  normal  conditions,  neither  retains  food  in  the 
pouches  for  long  iteriods  of  time.  Very  young  animals  tend  to  keep  food  in 
their  pouches,  but  the  tendency  disappears  with  maturity. 

Anatomically  and  physiologically  the  pouches  do  not  seem  to  be  related  to 
the  teeth.  However,  pos.sible  effects  of  retained  food  particles  on  the  oral  flora 
and  on  the  chemical  proi>erties  of  the  .saliva  should  not  he  overlooked.  Xo 
information  regarding  the  relationship  of  the  pouches  to  conditions  affecting 
the  dentition  is  available. 
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Intraoral  eruption  begins  very  soon  after  birth  and  extends  over  a  periixl  of 
approximately  40  to  45  days.  The  incisor  teeth  are  the  first  to  appear.  They 
usually  erupt  within  24  hours  after  birth  and  attain  occlusion  within  one  day. 
.\ttrition  of  the  incisal  tips  begins  immediately. 

Incipient  calcification  of  cusp  tips  in  first  molars  may  be  seen  in  radiographs 
of  2-day  old  animals.  These  teeth  become  evident  beneath  the  gingiva  in 
animals  5  or  (i  days  of  age.  F^xtragingival  emption  starts  on  the  seventh  or 
eighth  day  and  is  slightly  more  advanceil  in  the  mandible  than  in  the  maxilla. 
Functional  occlusion  is  attained  in  about  1  day ;  as  these  teeth  erupt,  the  hamster 
begins  to  eat  solid  food. 

Early  calcification  of  the  second  molai’s  is  evident  in  radiographs  of  7-day  old 
animals.  These  teeth  generally  begin  to  erupt  when  the  animal  is  12  to  13 
days  old,  ap{x*ar  first  in  the  mandible,  follow  in  the  maxilla  about  24  hours  later, 
and  reach  occlusion  in  3  or  4  days. 

Hadiographic  evidence  of  cusp  calcification  in  thinl  molars  may  be  fouml  in 
IS-day  old  animals.  Eruption  is  comparatively  irregular  and  slow.  l>eginning 
in  the  mandible  about  30  days  after  birth  and  in  the  maxilla  two  or  three  days 
later.  The  teeth  do  not  appear  to  come  into  (x*clusion  until  40  to  45  days 
after  birth. 


THK  IXC'ISOHS 

The  incisor  teeth  exhibit  typical  roilent  characteristics.  'Phest'  tt'cth  grow, 
calcify,  and  erupt  continuously  during  the  life  of  the  animal,  art'  st'parattnl  from 
the  molars  by  a  diastema  greater  in  the  maxilla  than  in  the  manilible  {tig.  3). 
and  consist  piimarily  of  dentin,  coveretl  by  enamel  labially  ami  by  cemeutum 
laterally  and  lingually,  'Fhey  increase  in  cross  stH’tion  ami  in  the  length  of  the 
extra-alveolar  segment  with  the  growth  of  the  animal.  Kailiographs  of  the 
heads  of  new-born  animals  sacrificed  t)ver  a  o-w^'k  periotl  reveal  rapitl  tlevelop- 
ment  and  calcification  of  the  skull,  incisors,  and  molam  {  fig.  Jb  Average  meas¬ 
urements  of  the  extra-gingival  U'ngths  of  hamster  incist>rs  are  imlicatetl  in 
Table  11. 

rhe  rat<‘  of  incisor  growth  varies  ctmsiderably.  Further  investigation  will 
probably  rev<*al  not  only  irn*gularity  between  similar  animals  but  ditfeivnces 
due  to  age,  s<‘x,  tliet,  and  season.  Measurements  in  10  mature  males  on  a 
basic  ration  (I’urina  rabbit  chow)  t»ver  a  4-wtH'k  jH'ruHl  ivveal  average  eruption 
rates  «>f  approximately  2.5  plus  »»r  minus  0.5  mm.  \h'v  wtvk  in  the  maxilla,  and 
4.0  plus  »>r  minus  0.7  mm.  per  week  in  the  mamlible.  As  maxillary  incisors 
are  .sluu-t  ami  attrition  is  rapid,  the  ext ragingival  ptu'tion  may  replace  itstdf 
within  a  one  w<‘ek  |)eriod.  I'he  mandibular  imd.sors,  having  a  greater  extra- 
gingival  l(“ngth,  re(|uir<*  about  21  to  three  wet'ks  fm-  replacement. 

The  nuuillnrji  inci.sor.'t  grow  fnun  crypts  in  the  anterior  part  t>f  the  maxilla 
and  erupt,  thraigh  the  pnanaxilla.  Tlu\v  are  .synunetrical  .M'gments  of  a  2-di¬ 
mensional  spiral  increasing  in  sizt*  as  the  animal  matures.  'Phe  labu)-lingual 
dimension  of  the.se  te<‘th  is  .som»*what  smaller  and  the  nu'.suj-distal  wulth  slightly 
gu'ater  than  in  mamliludar  incisors.  .Ml  diimaisious  are  greater  in  females 
than  in  males  ('Pable  111).  'Phe  incisal  edges  of  maxillary  incisin’  tivth  are 
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sharply  l^eveled  l)y  attrition;  the  worn  surfaces  are  short  and  curve  lingualward 
to  the  gingival  margin. 


Fig.  4-  Ha<li(jj^raphs  of  h«^a(ls  of  hamtsters  1,  7,  14,  21,  and  :4.5  days  old  sliowiiin  rapid 
development  of  ealeified  structures. 


TAHl.i:  I 

Agtx  at  which  teeth  era  fit  in  the  Sgrinn  hanixter 


kAI>IM.»VA  FHK 
KMUKSt  K  Ol- 
CM/  UK  ATIOS 

KMl  KTlOS  BKOIS’S 

tK’CLl'SWlS 

ATT.AINhU 

Incisors 

diiy> 

-21  lirs 

I  Jays 

2 

I  St  Molars . 

2 

7-H  days 

s-l) 

2nd  Molars  . 

7 

13  It  <l.iys 

Hi- 17 

3rd  Molars 

IS 

12-1.4  days 

32  Iff)  days 

to  4.') 

.4t)  .42  days 

7/<e  nuintiihultir  iiwimra  grow  from  odontogtMiic  ti.s.snt'.s  completely  enclos<*d 
within  the  ranms  <jf  the  maiidihle,  pass  through  the  entire  length  of  the  Ixsly, 
and  erupt  near  the  .symphysis  f  jiij.  .i).  d  hest*  t<*<'th  are  s<*gments  of  a  3-dimen- 
.sional  .spiral.  'I'lie  ratlins  of  curvature  is  gn*ater  than  tlmt  of  the  maxillary 
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incisors,  and  increases  with  the  animal’s  growth.  The  incisal  bevel  is  concave, 
longer  than  in  maxillary  incisors,  and  extends  lingualward  to  the  gingival 
margin,  where  it  ends  abruptly  in  a  notch. 

Pigmentation  of  the  incisors,  first  evident  in  maxillary  teeth  about  18  days 
after  birth  and  in  mandibular  incisors  several  days  later,  becomes  pronounced 
in  30-day  animals.  Xonnally  it  ranges  from  pale  yellow  to  yellow-orange  and 
increases  in  intensity  with  age.  Maxillary  teeth,  as  a  nile,  are  more  deeply 
colored  than  mandibular,  but  considerable  variation  occurs  in  animals  alike  in 
all  general  respects.  Occasionally  no  difference  in  pigmentation  can  be  detected 
lietween  upper  and  lower  teeth.  Either  may  appear  devoid  of  pigment  inde- 
jiendently  or  simultaneously.  One  incisor  may  be  pigmented  and  the  adjacent 
tooth  non-pigmented  while  the  same  condition  is  reversed  in  the  opposite  jaw. 


T.XBLE  II 

Approximate  lengths  of  extragingival  segments  of  the  incisor  teeth  of  hamsters  I  to  5  weeks  old 


AGE 

MAXILLARY  INCISORS 

MANDIBULAR  INCISORS 

u'ks. 

mm.  1 

mm. 

1 

1.0  i 

2.0 

2 

1.7 

j  2.0 

3 

2.1 

1  3.5 

4 

2.7 

4.3 

5 

2.0 

4.0 

T.VHLE  III 

Average  dimensions  of  gingival  cross  sections  of  the  incisor  teeth  of  10  male  and  10  female 

hamsters  165  dags  old 


SEX 

MYXILLYRV 

INCISORS 

MANDIBUL.VR  INCISORS 

I.abio  lingual 

Mrsio  distal 

I.abio- lingual 

Mesio-distal 

mm 

mm 

Ml  Ml. 

mm. 

Male . 

l  5S  ±0  07  . 

1  42  ±0  (M 

1  74  ±0  07 

l  33  ±0  tio 

Female  . 

1  70  ±0  US 

1  5:t  ±0  07 

1  ±0  IKS 

1  44  ±0  llo 

TIIK  .MOl.AUS 

The  hasie  /nittern  of  hamst(>r  molar  crowns  (Jigs.  <>  and  t>)  is  a  primitive  one 
similar  to  that  of  m(»lar  btrms  fouml  in  the  prehistmic  multituUn-culate,  BoUkIou 
ftb.  'Phis  d(*sign,*  characterizetl  by  3  pairs  of  cusps  in  antero-pt*steru>r  align¬ 
ment,  is  found  in  maxillary  and  mandibidar  first  molars  but  is  miHlituxl  in  the 
stvond  and  thinl  molars.  'Pin*  cusps  are  conical,  .sharply  luanteil,  ami  separatrxl 
by  broatl  bucco-lingual  suh'i  ami  »h‘ep  occlusiil  fos.siu>  and  griH*ves.  Phey  are 

’t'usp  aiTuiiKiMiiiMit  <>t  tlir  iiuilars  in  silu  stimulates  the  appearance  i>f  several  human 
maxillary  hieiispitls  in  alignment.  Each  pair  nf  eusps  is  slightly  rotated  that  the 
buccal  eiisps  are  more  distal  in  position  than  the  lingual.  I'he  arraugemenl  iH'rmits 
lateral  excursions  of  the  mandihle  with  interdigitation. 
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joined  hy  a  system  of  buceo-linjjual  and  mesioKlistal  ritlges  which  fonu  H- 
pat terns  on  the  wchisal  surfaces.  The  l)ucco-lingual  ridges  fonn  mesial  and 
distal  walls  of  the  occlusal  fossae;  mesio-distal  ndges  connect  approximating 
bucco-lingual  ridges  and  divide  the  sulci  into  buccal  and  lingual  portions. 

To  facilitate  description  of  the  molars,  the  following  nomenclature  is  employed: 

Pararuftps,  minor  mesial  ctisps:  smallest  cusps  t)n  the  crown  mesially  located 
beside  the  mesocusps;  generally  paired. 

Mii^ocusps,  mesial  cusps:  prominent  paired  cusj)s  mesially  located  on  each 
crown. 

distal  cusps:  paired  cusps  distally  l(K-ateil  on  each  crown. 

The  maxillary  molar.i  (Jig.  7)  ar(‘  characterized  by  .several  distinct  features. 
I'lie  basic  j)attern  of  the  first  molar  is  nKHlifunl  in  the  .secoiul  and  third  by  a 
marke<l  reduction  in  siz(‘  of  t.he  buccal  i)aracusp,  loss  of  the  lingual  paracusp. 


Fiy.  5.  (>(c  lu.sal  vi«'\v  of  mnsly  maxillary  1st  molar  illustratiiiK  the  basic  design 

of  ham.stcr  molar  teeth.  Note  II  patterns  formed  by  system  of  int<>reuspal  ridges.  Buccal 
cusp.s  are  slightly  ilistal  to  corresjionding  lingual  cusps.  -M  nu“sia!;  1)  dist al ;  L  lingual. 

Fuj.f).  Buccal  asjiect  of  newly  erupted  mamlibular  1st  molar  further  illustrating  basic 
pattern  of  hamster  molar  teeth.  Cusp  pairs  (mesial  to  distal):  paracusps,  mesocusps, 
distoi'usps.  I'rominent  ritlges  <-onm*cting  cusp  pairs  corres|)ond  to  connecting  bars  in 
JI  designs.  Lingual  cusps  are  slightly  mori*  elevated  than  corresponding  buccal  cusps,  a 
<diara<'teristic  of  mandilxilar  molars.  .\1  nu'sial;  1)  distal. 

and  a  slight  inert-ast'  in  size  of  the  mes»»cu.sps.  .\lt hough  the  lingual  paractisp 
is  absent  oti  the  sec<jnd  and  third  molars,  these  teeth  havt"  a  prominent  mesial 
c<>nvexity  which  is  ovtulapped  by  the  di.stal  surlactxs  of  jidjacent  tetdh.  Huccal 
cu.sps  are  higher  than  lingual.  From  a  buccal  or  lingual  aspect,  axes  of  the 
buccal  cusps  are  e.ssentially  paralUd  t«)  the  long  axtxs  of  the  tt'tdh,  wlu*reas  axes 
(jf  the  lingual  cusps  are  deviated  sliglitly  distalwjird.  'I'he  bucetd  sulci  are 
deej),  relatively  short,  and  sonunvhat  triangular  in  sluipt*.  'I'hey  are  t(*rmitiated 
gingivally  by  a  distinct  ledge,  or  small  tubercles  found  only  (»n  second  or  third 
molars  between  iiK'.socusps  and  distocusps.  4’he  lingiud  sulci  more  broad 
and  long  than  the  buccal  and  slopt*  gradually  to  the  gingival  margin,  where  they 
are  terminated  by  .small  ridges,  bong  axes  of  tin*  teeth  incliiu'  buccally  and 
veiy  slightly  to  the  distal.  .Measurennuits  of  the  molar  cr«»wns  are  given  in 
4’able  IV.  ’ 
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The  rnnxillnr!/  ftritl  molar  has  6  rusps  in  the  t)asic  molar  pattern.  Paraeusps  are  small 
aiul  sei)arate<l  hy  a  very  minute  pit  ff)ssa.  Meswusps  are  larger  an<l  separated  by  a  deep 
oval  fossa.  Distoeusps  are  the  largest  on  the  crown  and  are  separated  by  a  ileep  semi¬ 
circular  groove  curving  int»»  the  disfo-buccal  corner  f»f  the  crown.  The  occlusal  surface 
is  marked  by  2  ty|)ical  H-forrn  ridges,  f)ne  hefwe.’n  paracusps  and  mesocusps,  the  other 
between  mesocusps  and  di.stocusps.  Sulci  are  terminated  gingivally  by  small  ridges. 


Tig.  7.  Maxillarg  molars  (.1,  H,  (’):  A.  Huccal  view  .  Ni»te  reiluction  in  molar  size  and 
paracusps  frttni  1st  to  Urd  molar.  Small  tubercles  on  2ml  molar  are  piM.>rly  detineil  on  3rd. 
IV  Occlusal  vi(“w.  Note  increased  bucett  lingual  width  of  mes«.K*us|>s  in  2ml  and  3rd  molars 
r  l.ingual  view  .  Huccal  cusps  are  higher  than  lingual.  Note  broad  lingual  sulci,  over¬ 
lapping  contacts,  and  abstaici*  of  lingual  paracusps  in  2iul  and  3ril  uu>lars. 

Maiulihiilar  molars  (/),  F):  l>  Huccal  view  l.ingual  cus[>s  are  higher  than  buccal. 

Note  rt'duction  of  paracusps  in  2iul  and  3rd  molars.  K.  Hucra*  twclusal  view  .  Mes*.K‘Usps 
are  iiu  reased  in,bucco  lingual  width  in  2nd  and  3ril  nudars  Nt»te  ilistal  position  of  buccal 
cusps,  and  tieeply  invaginattal  buccal  sulci  F  l.ingual  view  f'usj>s  are  inclinevl  siune 
what  mesialward.  l.ingual  paracusps  are  greatly  reduceil  but  m*t  eliminated  in  2nd  and 
3rd  nuilars.  .M  mesial;  l>  distal. 


more  prominent  buccally  than  lingually  The  distal  surface  is  brv>ad  aiiil  tlat  aiul  overlaps 
the  approximating  surface  of  tlm  si‘coiid  molar  Th.'  tiuUh  Ims  f  ixkUs  whixse  lengths  are 
alniut  3  timt's  tht‘  height  of  the  crown:  mesial,  buccal,  and  2  lingual. 

I'he  niaxillai!/  seeoiol  molar  has  o  cusps  and  represents  a  moditication  i>f  the  basic  liesigu 
in  which  thi‘  buccal  paracusp  is  markedl>'  reduced  and  tin*  lingual  paracusp  is  absent  The 
buccal  p.aracusp  is  separated  from  the  mesocusps  by  a  small  shallow  sulcu.>  I'he  ineso 
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cusps  are  slijcfitly  larjjer  tliaii  any  of  tlie  first  molar  cusps  and  arc  separated  by  a  deep  oval 
fossa.  Tie  distocusps,  about  equal  in  size  to  those  of  the  first  molar,  are  separated  by  a 
deep  semi-circular  fjroove  which  curves  into  the  disto-buccal  corner  of  the  crown  and 
accentuates  the  distal  mar^tinal  rid^te.  The  occlusal  surface  is  marked  by  one  H-ridge 
between  the  mesocusps  and  distwusps.  The  depth  of  the  buccal  sulcus  between  the 
mesocusps  and  distcK-usps  is  exaggerated  by  1  or  2  small  tubercles  at  its  gingival  end. 
The  lingual  sulcus  resembles  the  lingual  sulci  of  the  maxillary  first  molar  but  is  slightly 
larger.  The  mesial  surface  is  broad,  convex,  and  overlapped  by  the  disto-buccal  corner 
of  the  first  molar.  The  <listal  surface  is  broail  and  flat  and  overlaps  the  approximating 
surfare  of  the  third  molar.  The  tooth  has  4  roots:  2  buccal  and  2  lingual,  the  lengths  of 
which  are  approximately  2|  times  the  height  of  the  crown. 

7'/(t  tnaxillary  third  molar  shows  further  modification  of  the  basic  molar  pattern.  Both 
the  paracusps  an<l  distocusps  are  much  reduced;  the  lingual  paracusp  is  absent.  The  meso¬ 
cusps  are  prominent,  sharply  pointed,  and  show  a  slight  mesio-distal  increase  in  size. 
They  are  separated  by  a  deep  <»val  fossa.  The  distwusps  have  lost  .their  characteristic 
cusp  form  ami  are  much  reduced  in  size,  but  they  can  still  be  distinguished  as  a  cuspal 
pair  separated  from  one  another  by  a  deep  pit-fos.sa.  .\  small  H-ridge  connects  the  paired 


T.\BLK  IV 

MrasuremenlH*  of  the  molar  teeth  of  Syrian  hamsters  in  millimeters 


BLTCO-LIKGUAL  DIMENSIONS 

MESIO-DISTAL 

TOTAL 

TOOTH 

Farac  us[>& 

.MestKusps 

Distwusps 

LENGTH 

Maxilla 

1st  molar  1  K1  ±0.04 

1  :to  ±0  (« 

1.35  ±0.02 

1 

2.;w  ±0.03 

3.2 

2iid  mcilar  . 

1  30  ±0  (15 

1  26  ±0.05 

1.77  ±0.06 

3.2 

.Ird  molar 

1.35  ±0.05 

1.00  ±0.04 

1.56  ±o.a3 

2  7 

Mandible 

1  1 

Iht  molar  0  S2  ±0  05 

1  (M  ±004 

1.15  ±0.04 

2.11  ±0.08 

4.1 

2ml  molar 

1.2S  ±002 

I  .2S  ±0,(M 

1.80  ±0.(« 

3.9 

:tr<l  molar 

1.30  ±0.04 

1.16  ±0.05 

1.06  ±0.05 

2.9 

*  Kach  datum  represents  an  average  measurement  of  15  tc)  20  teeth. 


mesocusps  ami  distociis|js  and  divides  the  sulcus  between  them.  The  buccal  sulcus  is 
very  small,  and  its  depth  is  exaggerated  by  a  tubercle  which  may  be  mt  poorly  defined  that 
it  appears  as  a  small  ri<lge.  The  lingual  sulcus  resembles  the  same  sulci  on  the  other 
maxillary  molars,  although  it  is  smaller,  'i'he  mesial  surface  is  broad  and  convex  and  is 
overlapj>e<l  l>y  the  disto  buccal  c()rner  of  the  second  molar.  The  distal  surface  is  small 
and  evenly  rounded.  The  tooth  has  d  short,  distally  curved  roots:  buccal,  lingual,  and 
distal,  which  are  about  l|  times  the  crown  height. 

The  nmiulihnlnr  molars  (Jiij.  7)  jiic  cliiiijictcrizcd  by  .several  distiiietive  I'eatures 
Mol  typical  *)1  the  iiiaxillary  teeth.  'I'he  basic  pattern  is  intMlifitsl  in  the  .second 
and  third  molars  by  ti  nshiction  in  size  of  the  paracn.sps  :ind  a  concomitant 
incr(‘a.s('  in  size  of  the  mestMutsps,  but.  the  reduction  is  not  .so  advanced  as  in  the 
maxillary  teeth.  Itoth  buccal  and  lingual  paracn.sps  remain  distinct  entities 
on  each  molar.  'I'he  lingual  cusps  are  higluM'  than  the  buccal,  tiiid  all  the  cusps 
tend  to  incline  slightly  mesiabvard,  but  tla*  tendency  is  more  pronounced  in  the 
lingual  cu.sp.s.  'I'he  buccal  surfaces  are  of  slightly  greater  siz(‘  than  the  lingual. 
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The  huccal  sulci  arc  hruad,  deep,  longer  than  the  lingual,  and  are  terminated 
gingivally  by  a  small  ledge  or  minute  tul)ercles  found  on  the  second  and  third 
molars.  'I'he  lingual  sulci  are  shf>rter  and  more  narrow  than  the  buccal  and 
are  ended  by  a  small  ridge.  liroad  contact  areas  are  formed  by  the  mesial 
surt'aces  of  the  second  and  third  molars  slightly  overlapping  the  disto-buccal 
comers  of  approximating  teeth.  The  long  axes  of  the  teeth  are  inclined  lingually 
and  mesially.  Each  t(M)th  has  2  nxits,  mesial  and  distal. 

The  mnnflihrdar  first  molar  has  6  cusps  arranged  in  the  basic  molar  pattern.  The  para- 
cusps  are  very  small,  closely  fused,  and  separated  at  their  tips  by  a  minute  groove.  The 
mesocusps  resemble  the  paracusps  but  are  somewhat  larger.  The  distocusps  are  the 
largest  on  the  crown  and  are  separated  by  a  well  develope<l  groove  which  curves  into  the 
disto-lingual  corner  of  the  crown  and  accentuates  the  distal  ridge.  Due  to  the  small  size 
and  close  approximation  of  the  paracusps  and  mesocusps.  the  H-ridge  system  between" 
them  is  not  so  well  defined  as  it  is  between  the  mesocusps  and  distocusps.  However,  the 
connecting  ridges  remain  very  prominent.  The  buccal  and  lingual  sulci  are  nearly  equal 
in  size  and  are  terminated  gingivally  by  minute  ridges.  The  distal  surface  has  a  marked 
bucco-lingual  convexity  and  a  slight  distal  inclination.  Broad  contact  is  made  with  the 
second  molar  at  the  disto-buccal  corner.  The  length  of  the  roots  is  approximately  3  times 
the  crown  height. 

The  mandibular  second  molar  has  4  major  cusps  and  2  reduced  paracusps.  The  lingual 
paracusp  is  rudimentary;  the  buccal  paracusp  is  small  but  distinct.  The  mesocusps  are 
not  only  the  largest  on  the  second  molar  but  are  larger  than  any  on  the  first.  They  are 
separated  by  a  deep  fossa.  The  distocusps  resemble  the  same  cusps  on  the  first  molar. 
-Although  the  H-ridge  between  the  paracusps  and  distocusps  is  pwrly  defined,  that  between 
the  mesocusps  and  distocusps  is  easily  distinguished.  Since  the  buccal  paracusp  is  of 
greater  size  than  the  lingual,  the  buccal  sulcus  between  it  and  the  meswusp  is  larger  than 
the  corresponding  lingual  sulcus,  and  the  entire  buccal  surface  of  the  crown  is  somewhat 
greater  in  area  than  the  lingual.  The  buccal  sulcus  between  the  meswusps  and  distocusps 
is  broad,  deep,  and  may  be  slightly  invaginated  or  dividevl  by  a  small  enamel  ridge  ex¬ 
tending  from  the  distocusp  into  its  Hoor.  Very  minute  tubercles  may  l>e  found  at  the 
gingival  end  of  this  sulcus.  The  lingual  sulcus  resembles  the  corresjamding  sulcus  of  the ' 
first  molar.  The  mesial  surface  is  mesially  inclined  and  slightly  overlaps  the  disto-buccal 
aspect  of  the  first  molar.  The  distal  surface  resembles  that  of  the  first  molar.  Hoot 
lengths  are  approximately  2i  to  3  times  the  height  of  the  crown. 

The  mandibular  third  molar  is  modified  in  the  same  manner  tts  the  swoiul  but  to  a  greater 
degree.  The  paracusps  are  more  reduced  in  size.  However,  these  cusps  may  l>e  separated 
iH'clusally  by  an  extremidy  minute  deprt'ssion  in  the  mesio-ilistal  unit  of  the  H-ridge. 
This  ridge  is  better  defined  than  (»n  the  second  nudar.  Kxcept  for  an  incre.ast*  in  the  bucco- 
lingual  width  of  the  mesocusps  and  a  reduction  in  the  ilimensi«>ns  of  the  ilistiH‘Us^>s.  the 
coronal  pattern  is  essentially  as  tlescribed  f»>r  the  second  molar.  The  rimts  are  about  IJ 
times  the  crown  height  and  terminatt'  close  to  the  lingual  siile  of  the  (H>sterior  end  of  the 
incisor. 

MISTDI.OdV 

llistolo^iciilly  lilt*  imtlar  teeth  t»f  tin*  haiiister  resemble  tluvst*  of  many  hijjher 
animals  {Jiy.  S).  'I'lie  tetdh  jire  etunptisetl  printarily  of  dent  in  of  typical  mam¬ 
malian  striietiire.  When  mnvly  erupted,  the  crowns  are  completely  covertxl 
by  enamel,  the  nads  by  a  thin  layer  td  cell-free  cementum.  As  the  ttvth  are 
worn  by  attrition,  «*xposed  primary  tientin  becontes  metanu>rphostxl,  stvoiulary 
dentin  is  <h‘posit(‘d  on  the  imdtM'lying;  piilpal  wall,  and  .stvinulary  cementum  is 
progres-sively  d«‘posit(>d  at  the  nK»t  apices. 


Fig.  8.  Photomicrographs;  A.  Mandibular  2nd  molar  showing  complete  enamel  cover¬ 
ing  of  cusps.  B.  Attrition  of  mesial  slope  of  mesocusp  in  mandibular  1st  molar.  Second¬ 
ary  dentin  has  been  deposited  on  pulpal  wall.  Note  lamella-like  structures  at  floor  of 
sulcus.  C.  Attrition  of  distal  slope  of  distocusp  in  maxillary  1st  molar  showing  metamor¬ 
phosis  of  primary  dentin  and  deposition  of  secondary  dentin.  D.  Apical  region  of 
mandibular  2nd  molai  showing  deposition  of  secondary  (cellular)  cementum. 

a  buccal  or  lingual  a.^^pcct,  the  long  a.xes  of  hamster  cusps  appear  but  slightly 
deviated  from  the  long  axis  of  the  tooth.  In  contrast,  the  axes  of  rat  molar 
cusps  are  inclined  at  a  marked  angle  to  the  long  axis  of  the  tooth.  This  condi¬ 
tion  and  a  slight  inclination  of  the  molars  result  in  overhanging  cuspal  walls. 

Occlusion  in  the  hamster  is  characterized  by  cu.spal  interdigitation.  Func¬ 
tional  attrition  begins  on  the  mesial  slopes  of  the  mandibular  cusps  and  on  the 
distal  slopes  of  the  maxillary  cusps  and  gradually  spreads  over  the  oc(*lu.sal 
suri'ace.  In  the  rat  occlusion  is  not  characterized  by  interdigitation.  Func- 


•  CO.M.MENT8  AXI)  CONCLUSIONS 

The  Syrian  hamster,  now  employed  as  a  laboratory  animal  in  the  study  of 
dental  caries,  has  a  dentition  similar  but  not  identical  to  that  of  the  albino  rat. 
Although  the  inci.sors  essentially  re.semble  the  incisors  of  the  albino  rat,  the 
molar  teeth  are  smaller  and  have  a  ilistinctly  different  coronal  pattern  (Jiff.  9). 
The  cusps  are  completely  covered  by  enamel  at  the  time  of  eruption,  whereas, 
albino  rat  molars  are  formed  with  enamel-free  areas  on  cuspal  tips  (10).  From 
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tional  attrition  begins  on  the  tips  of  the  cusps,  increases  the  extent  of  enamel-free 
areas,  and  renders  the  overhanging  cuspal  walls  prone  to  fracture  (11). 

In  view  of  these  differences,  the  molar  teeth  of  the  Syrian  hamster  appear  to 
Ik*  more  analogous  to  human  teeth  than  those  of  the  albino  rat.  Morphologically 
the  crowns  appear  to  favor  the  retention  of  fine  food  particles  which  might 
render  them  susceptible  to  a  carious  process  comparable  to  that  found  in  man. 


Fig.  9.  ('omparison  of  rat  (.\)  and  hamster  (B)  mandiltular  molars,  magnification  equal. 
Note  difference  in  size,  contour,  and  cusp  inclination. 

The  authors  wish  to  acknowledge  the  assistance  of  H.  B.  Mct'auley  in  the  preparation 
of  this  manuscript.  His  suggestions  and  comments  are  deeply  appreciated. 
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A  AIETHOD  OF  REC’ORDIXG  AND  SC’ORIXG  GROSS  CARIOUS 
LESIOXS  IX  THE  MOLAR  TEETH  OF  SA'RIAX  HAMSTERS^ 


PAUL  H.  KEYES 

From  the  Division  of  Dental  Research,  The  University  of  Rochester  School  of  Medicine  and 

Dentistry,  Rochester,  X.  Y. 

As  the  Syrian  hamster  appears  to  be  well  suited  for  investigations  of  experi¬ 
mental  dental  caries  (1,  2),  a  method  to  record  and  numerically  evaluate  the 
gross  caries  experience  in  the  molar  teeth  of  this  animal  has  been  devised. 
The  method  provides  a  graphic  record  of  the  lesions,  indicates  the  number  of 
cavities  and  teeth  affected,  and  offers  a  numerical  score  proportional  to  the 
amount  of  tooth  stmcture  destroyetl.  Careful  compilation  of  these  records 
permits  comparison  of  individual  animals  and  groups  of  animals,  and  facilitates 
interpretation  and  evaluation  of  data. 

In  the  hamster  carious  lesions  may  involve  any  portion  of  the  coronal  surface 
of  either  maxillary  or  mandibular  molar  teeth.  A  crown  may  contain  more 
than  1  cavity  or  be  entirely  destroyed.  Gross  lesions  of  2  types  may  be  readily 
distinguished:  1.  those  occurring  in  sulci,  occlusal  grooves,  and  fossae,  and  2. 
those  occurring  in  .smooth  surfaces  either  interproximally  or  cervically.  A 
successful  charting  and  scoring  technic  must  provide  for  the  possible  occur¬ 
rence  of  large  and  small  lesions  of  both  types. 

The  recording  .system  described  is  ba.sed  on  the  following  premises:  1.  that 
gross  lesions  seen  in  molai’s  at  14  to  20  diameters  represent  true  dental  caries 
(2),  2.  that  the  etiology  of  all  lesions  is  es.sentially  the  same  throughout  the 
molar  dentition,  and  3.  that  the  (juantity  of  tooth  substance  destroyed  is 
proportional  to  the  activity  of  the  carious  process  and  may  l)e  used  as  the 
basis  for  numerical  score  estimation. 

The  inolur  teeth  of  the  hamster  are  characterized  i)y  pointed  cusps  separated  from  one 
anotiier  by  l>ucco-lingual  sulci  and  occlusal  fossae  and  grooves  (3).  Major  cusps  are  well 
defined,  and  for  purposes  of  scoring,  may  be  considered  individual  entities.  One  cusp 
may  be  selected  as  a  standard  in  size  and  given  an  arbitrary  numerical  value,  e.g.  the 
disto-buccal  cusp  of  the  maxillary  first  molar  may  be  assigned  a  value  of  6.  With  reference 
to  this  cusp,  all  cusps  in  the  dentition  may  be  proportionally  evaluated  according  to  their 
relative  sizes.  The  total  value  of  a  crown  becomes  the  sum  of  the  values  of  its  cusps. 
Using  this  value,  scores  for  carious  lesions  can  be  estimated  from  the  fraction  of  crown 
substance  destroyed  and  expressed  numerically  as  the  product  of  the  fraction  and  the 
total  crown  value. 

Destruction  of  a  single  cu.sp  or  an  obvious  fraction  (},  J,  |)  of  a  crown  entails  a  simple 

‘This  work  was  made  possible  by  a  grant  of  the  C’arnegie  C'orporation  of  New  York 
and  the  Eastman  Dental  Dispensary  of  Rochester,  X.  Y.  Received  for  publication  October 
3,  1944. 
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scoring  procedure.  However,  the  presence  of  several  lesions  of  different  size  on  one  crown 
requires  a  more  detailed  method.  To  facilitate  and  simplify  the  process  of  evaluation  in 
the  latter  case,  the  buccal,  lingual,  and  occlusal  surfaces  of  the  molars  are  divided  into  a 
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Fig.  I .  .Scon*  chart  for  hamst<*r  teeth.  Hight  d«-ntition  imlicatcs  unit  area  divisions,  left 
shows  cavity  outlines  and  scores. 
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number  of  “units”  of  area  which  are,  for  the  most  part,  of  about  equal  size.  These  areas 
are  given  a  value  of  1  or  |  according  to  their  approximate  extent  (fig.  /,  right  dentition 
and.  Table  I). 

To  score  a  cavity,  it  is  necessary  to  make  2  estimations:  1.  the  number  of  “unit  areas” 
affected,  and  2.  the  depth  of  the  cavity.  .\s  precise  measurements  of  cavity  dimensions 
are  impractical,  cavity  depth  is  estimated  in  whole  numbers  1,  2,  or  3.  These  figures 
represent  approximate  dimensional  values:  1  is  equivalent  to  a  depth  of  0.1  to  0.2  mm.; 
2,  a  depth  of  0.2  to  0.4  njm.;  and  3,  a  depth  of  0.4  to  0.6  mm.  The  score  is  the  product  of 
the  number  of  unit  areas  affected  and  the  figure  representing  depth.  Theoretically  cavity 
scores  are  volumetric  estimations  expressed  in  arbitrary  values  proportional  to  the  amount 
of  tooth  substance  destroyed.  If  correctly  derived,  they  should  be  equal  to  that  obtained 
by  fractional  estimation. 

Hy  deduction,  the  total  score  value  for  any  crown  is  the  product  of  the  sum  of  its  unit 
areas  X  3  as  indicated  in  Table  I.  The  proximal  surfaces  are  not  tlivided  into  unit  areas 
because  to  include  them  wouhl  reintroduce  dimensions  considered  in  the  combined  value 
of  area  and  depth. 


(  HAllTIXd  .VXD  St’ORlXO 

A  inimeofiiaphed  torm  is  used  to  chart  and  score  all  lesions  (//</.  1).  The 
animal  number,  its  jiroup,  weight,  sex,  and  other  pertinent  data  are  noted 
at  the  top  of  the  record.  The  jaws  are  fixed  in  KKf  formalin,  washetl,  dried 
and  stripped  of  soft  tissue.  Each  tooth  is  carefully  examinetl  at  14  to  20  diam¬ 
eters  magnification.  .\  fine  explorer  is  used  to  remove  debris  aiul  to  detennine 
the  full  extent  of  each  cavity.  Lesions  are  then  outlined  on  the  chart.  Typical 
cavities  are  indicated  in  ./u/.  /,  left  dentition.  Mesial  and  distal  tooth  surfaces 
are  not  charted  because  they  are  rarely  affected  without  the  involvement  of 
buccal,  lingual,  or  (K*clusal  surfaces.  When  a  cavity  involves  several  surfaces 
including  the  mesial  and  distal,  it  is  outlined  as  illustrated  for  the  maxillary 
left  second  and  third  and  the  mandibular  left  third  molar.  Lesions  too  small 
to  be  positively  identified  may  be  charted,  but  are  not  included  in  cavity  counts 
or  scores.  However,  these  (piestionable  lesions  may  be  m)ted  under  remarks 
and  sectioned  for  histological  study  if  desired. 

.Vfter  the  lesion  is  charted,  the  sum-  of  the  affected  unit  areas  and  fractions 
thereof  are  recorded  beside  the  cavity  outline  and  in  column  .\A  (areas  affecteil). 
For  practical  purposes,  fractional  involvements  of  a  unit  are  rarely  rated  less 
than  A  dejith  value  is  tlu'n  assigned  and  the  appropriate  figure  is  placetl 
next  to  the  vahu‘  for  unit  areas  besitle  the  outlined  cavity  {fuj.  /).  The  score 
i  is  computed  as  described  and  recorded  in  the  column  “Sc”  (.score).  When  an 
approximal  surface  is  involved  ah)ne,  it  is  neci'ssary  to  break  tlown  the  overlying 
t(M)th  structure  t«>  determine  the  extent  of  the  lesion.  This  pnK'edure  ('stab- 
lishes  an  occlusal  cavity  which  can  be  rated  in  the  usual  manner. 

Individual  scores  are  added  to  obtain  total  scores.  Four  values  are  recordtnl 
for  (‘ach  jaw  and  the  (*ntire  dentition:  1.  the  number  of  molai's  affected  (M.\); 
2.  the  number  of  cavities  (C'N);  ‘A.  the  number  of  unit  areas  affecteil  (.\.V); 
and  4.  the  total  score  (TS).  On  the  basis  that  a  score  of  2S2  indicates  com- 

-  .Vn  *mtlin«>  of  tlio  unit  aroas  simplifit's  summation  until  «>nc  is  familiar  with  the  unit 
tlivisions. 
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plete  destruction  of  the  molar  dentition  (Table  I),  a  caries  index  can  be  deter¬ 
mined  as  the  percentage  of  tooth  substance  destroyed,  e.g.  score  37  equals 
37  282  equals  13.1%. 


TABLE  I 

Unit  areas  and  whole  crown  values  employed  in  scoring 


CNIT  AREAS*  X 

GREATEST  DEPTH 
VALUE 

_  WHOLE  CROWN 
VALUESt 

Max  1st  Molar . ■ 

9 

3 

27 

Max  2nd  Molar . 

8 

3 

24 

Max  3rd  Molar . i 

6 

3 

18 

Mand  1st  Molar . 

:  8 

3 

24 

Mand  2nd  Molar . 

i  ^ 

3 

24 

Mand  3rd  Molar . 

8 

3 

24 

47 

141 

*  47  unit  areas  X  2  equals  94  unit  areas  per  molar  dentition. 

t  141  X  2  equals  2S2  equals  total  molar  score  (Caries  score  representing  complete 
destruction). 


DLscrssiox 

3'he  recording  method  described  incorporate.s  several  advantages  in  obtain¬ 
ing  data  on  hamster  caries.  It  is  easy  to  use  and  retiuires  no  extraneous  or 
laborious  technics.  The  location,  type,  and  extent  of  lesions  are  graphically 
illustrated.  This  facilitates  scoring,  permits  rechecking  of  observations  by 
different  investigators,  and  provides  permanent  records.  The  scoring  system 
represents  an  attempt  to  evaluate  caries  experience  on  a  consistent  and  stand¬ 
ardized  basis  which  depends  directly  on  the  (piantity  of  tooth  substance 
destroyed  regardless  of  location. 

Estimations  of  areas  affected  Is  a  partial  indication  of  the  extent  of  tooth 
substance  de.stroyed  and  resembles  the  .system  of  C’ox,  Dodd,  Dixon  and  Matu- 
schak  (4)  in  that  the  number  of  areas  affected  is  related  to  cavity  size  and  caries 
incidence.  Altlxjugh  proximal  surfaces  are  not  considered,  this  is  a  consistent 
omission  that  appears  to  be  no  greater  than  those  for  other  sy.stems  using  .'^elec- 
tive  areas  (4,  o)  or  limited  nurnbei’s  of  tc*eth  ((i).  As  the  extent  of  cavitation  Is 
not  fully  indicated  by  the  number  of  unit  areas  affected,  provision  is  made  to 
evaluate  depth. 

(.’avity  scores  are  theoretically  linear,  and  may  be  added  to  approximately 
estimate  the  extent  of  destruction.  The  grc^ater  the  amount  of  tooth  structure 
destroyed,  the  easier  and  more  accurately  are  estimations  made.  Although 
a  small  amount  of  tooth  substance  must  Im*  sacrific(‘d  to  score  cavities  affecting 
interproxirnal  surfaces  alone,  these  cavities  an^  so  rare  and  the  amount  of  tooth 
substance  sacrificed  so  small,  that  the  effect  on  the  final  results  Is  not  appreciable. 
The  range  of  error  in  .scores  of  small  <*avities  may  be  considerable  without 
significantly  influencing  the  total  .score. 

-\s  molar  crowns  do  not  readily  lend  themstdves  to  etjual  division,  any  system 
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based  on  this  principle  is  arbitrary  and  limited.  Examination  of  the  molars 
reveals  that  all  the  unit  areas  rated  as  “1”  are  not  of  equal  size.  This  dis¬ 
crepancy  is  particularly  apparent  in  mandibular  molars.  However,  its  effect 
is  somewhat  compensated  by  the  fact  that  scoring  values  are  comparatively 
high  in  one  instance  and  low  in  another. 

Since  experimentally  produced  caries  in  the  teeth  of  laboratory  animals  is  an 
important  phase  of  dental  research,  a  satisfactory  method  of  evaluating  caries 
experience  is  a  necessity.  The  extent  to  which  comparisons  and  conclusions 
can  be  made  depends  upon  the  nature  of  the  carious  process  and  the  method 
of  evaluation. 

Scoring  systems  for  experimental  caries  have  been  devised  for  use  with  the 
rat  (4,  6).  However,  caries  activity  in  the  albino  and  hooded  rat  seems  to  be 
more  related  to  the  physical  nature  of  cereal  constituents  of  the  diet  than  to 
nutritional  ingredients  (6,  7,  8)  and  shows  a  definite  predilection  for  the  man¬ 
dibular  teeth  (7,  8,  9,  10).  These  facts  increase  the  problem  of  scoring  and 
evaluating  the  decay.  Although  caries  activity  in  the  rat  frequently  has  been 
estimated  without  benefit  of  histological  examination,  results  thus  determined 
represent  both  “fracture”  and  “fissure”  caries.  When  teeth  are  extensively 
involved,  determination  of  etiology  and  point  of  origin  are  extremely  difiicult 
if  not  impossible.  Since  only  lesions  in  which  fracture  has  played  no  part  may 
be  comparable  to  those  observ^ed  in  human  teeth,  a  completely  satisfactory 
evaluation  of  the  caries  experience  requires  histological  study  (4,  6). 

Use  of  the  hamster  seems  to  eliminate  many  of  these  complications.  Caries 
activity  in  this  animal  does  not  depend  upon  coarse  cereals  in  the  diet  and  is 
well  distributed  in  maxillary  and  mandibular  molar  teeth  (1,  2).  Since  frac¬ 
ture  apparently  is  not  a  factor  in  production,  all  macroscopic  (X  14)  lesions 
may  be  assumed  to  represent  the  t3q)e  of  dental  caries  found  in  man.  Ques¬ 
tionable  defects  that  may  represent  incipient  caries  are  not  considered  in  the 
scores  because  the  consistent  omission  of  such  lesions  does  not  entail  significant 
loss  in  interpretation  of  the  results.  If  caries  susceptibility  is  uniformly  dis¬ 
tributed  in  the  experimental  groups,  the  extent  of  cavitation  would  be  pro¬ 
portional  to  the  activity  of  the  carious  process,  and  scores  derived  from  the 
evaluation  of  gross  lesions  assumed  valid  and  comparable. 

SUMMARY 

A  method  of  recording  and  scoring  carious  lesions  in  the  molar  teeth  of  the 
Syrian  hamster  has  been  described.  The  technic  provides  a  permanent  record 
of  lesions  and  caries  scores  representative  of  the  amount  of  tooth  structure 
destroyed. 
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PRODUCTION  AND  INHIBITION  OF  DENTAL  CARIES  IN 
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Preliminary  Observations 
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From  the  Division  of  Dental  Research,  The  University  of  Rochester  School  of  Medicine  and 

Dentistry,  Rochester,  N.  Y. 

Recently,  Arnold  (1)  reported  that  the  molar  teeth  of  the  Syrian  hamster, 
Cricetus  auratus,  became  carious  when  the  animal  was  fed  an  adequate  diet  of 
finely  ground  com  or  a  coarse  com  ration  similar  to  that  of  Hoppert,  Webber, 
and  Canniff  (2).  Two  distinct  types  of  lesions  were  described,  those  occurring 
in  occlusal  fissures  and  those  that  developed  in  cer\dcal  areas  of  proximal  sur¬ 
faces,  particularly  in  maxillary  and  mandibular  first  molar  teeth. 

Investigations  of  the  etiology  of  dental  caries  have  been  handicapped  by 
lack  of  a  laboratory  animal  that  would  develop  lesions  comparable  to  those 
found  in  man.  Because  of  the  implications  apparent  in  Arnold’s  findings,  it 
seemed  important  that  certain  of  his  results  be  confimied  by  independent 
investigation,  and  that  the  influence  of  fluorine,  found  effective  in  limiting 
caries  in  man  and  lower  animals  (3),  be  tested  in  hamsters. 

EXPERIMENTAL 

Sixty-four  hamsters  raised  from  pure  inbred  stock  obtained  from  the  National 
Institute  of  Health  were  the  subjects  of  study.  From  weaning,  25th  day,  to 
the  beginning  of  the  experiment,  40th  day,  the  animals  were  maintained  on 
commercially  prepared  (Purina)  rabbit  chow  pellets.  Litter  mates,  male  and 
female,  were  distributed  into  4  groups  of  16  animals  and  fed  various  unrestricted 
diets  throughout  an  experimental  period  of  125  days.  The  average  weight  of 
the  animals  at  the  beginning  of  the  experiment  was  60  grams. 

Rations  aasigned  to  individual  groups  follow: 

/.Coarse  corn  meal  (20  mesh),  60  percent;  whole  powdered  milk,  30  percent;  alfalfa 
meal,  3  percent;  sodium  chloride,  1  percent;  and  linseed  meal  (when  available,  chiefly 
after  the  first  50  days),  6  percent.  Fluorine:  approximately  0.4  p.p.m.  (parts  per  million). 

11.  Same  as  I  except  that  60  mesh  instead  of  20  mesh  corn  was  used. 

*  Presented  at  the  22nd  General  Meeting  of  the  International  .Association  for  Dental 
Research,  Chicago,  Ill.,  March  19, 1944  (7.  D.  Res.,  23:  209, 1944).  Received  for  publication 
August  28,  1944. 

‘This  work  was  made  possible  by  a  grant  of  the  Carnegie  Corporation  of  New  York 
and  the  Eastman  Dental  Dispensary  of  Rochester,  New  York. 

*Now  on  duty,  A.  U.  S.,  Dental  Corps. 

*Now  at  Tufts  Dental  College,  Boston,  Mass. 
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III.  Commercially  prepared  (Purina)  rabbit  chow  pellets  containing  a  minimum  of 
14.5  percent  of  protein,  44.0  percent  of  carbohydrate,  and  2.0  percent  of  fat;  and  a  maximum 
of  18.0  percent  of  crude  fiber.  Fluorine:  56.5  to  78.8  p.p.m.,  average  68.3  p.p.m.* 

IV.  Ration  I  supplemented  by  50  p.p.m.  of  fluorine  as  NaF  in  the  drinking  water. 

Figures  for  fluorine  content  represent  average  results  of  duplicate  analyses 
of  50-gram  samples  of  rations  I  and  II,  and  of  eight  15-gram  samples  of  ration 
III  by  a  modification  of  the  method  of  Willard  and  Winter  (4),  All  animals 
were  weighed  w’eekly  and  provided  with  suitable  supplements  of  fresh  apples, 
carrots,  and  lettuce. 

On  completion  of  the  experimental  period  the  animals  were  sacrificed,  the 
jaws  removed,  fixed  in  10%  formalin,  washed,  dried,  and  stripped  of  soft  tissues. 
The  molar  teeth  of  both  jaws  were  carefully  examined  with  a  fine  pointed  explorer 
under  a  binocular  (X  14)  microscope.  Carious  lesions  were  graphically  recorded 

TABLE  I 

Caries  activity  in  Syrian  hamsters 


Gmoup .  I  II  HI  nr 


Ration 

Coarse  corn, 
water 

Fine  corn, 
water 

Rabbit 
chow  pellets, 
water 

Coarse  com, 

SO  ^p.m.  F  as 
NaF  in  water 

Animals . 

16 

10 

15 

10 

Caries-free  animals . 

0 

0 

4 

4 

Molar  teeth  examined . 

192 

120 

180 

120 

Carious  molars . 

80 

77 

26 

11 

Maxillary . 

32® 

44® 

11 

4 

Mandibular . 

48 

33 

15 

7 

Units  of  area*  affected . 

192 

155 

40 

24 

Average  total  caries  score  per  animal. . 

31.2 

36.5 

5.2 

5.8 

*  The  molar  dentition  of  the  hamster  contains  94  units  of  area. 

^  Difference  between  the  number  of  carious  molars  in  maxilla  and  mandible  is 


statistically  significant. 

on  a  specially  designed  chart  and  scored  independently  by  2  investigators  with 
closely  agreeing  results.  The  identity  of  questionable  defects  was  e.stablished 
in  histological  ground  sections.  The  method  of  scoring  provided  for  each  lesion 
a  numerical  caries  score  indicative  of  destruction  in  3  dimensions  (units  of 
tooth  surface  destroyed  X  a  number  representative  of  cavity  depth).  The 
sum  of  the  scores  of  all  the  lesions  in  an  animal  yielded  a  total  caries  score  for 
that  animal.  The  total  scores  of  the  animals  in  each  group  were  averaged  and 
the  resultant  data  presented  with  other  findings  in  Table  I. 

FINDINGS 

Dental  decay  was  observed  in  hamsters  of  all  groups  (Table  I).  No  animal 
that  received  a  fluoride-free  ration  was  entirely  exempt  of  caries.  Hamsters 

‘  A  communication  from  the  author  (10/3/1944)  remarks  that  this  was  an  exceptionally 
high  amount  of  fluorine  and  that  subsequent  analyses  of  new  shipments  of  the  chow  con¬ 
tained  3  to  8  p.p.m.  of  fluorine.  This  shows  the  advisability  of  repeated  analyses. 
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fed  coarse  (I)  and  tine  (II)  com  diets  had  the  highest  average  total  caries  scores 
(31.2  and  3ti.5  respectively).  Average  total  .scores  of  groups  maintained  on 
rahhit  chow  pellets  (III)  and  the  tluoride-.supplemented  diet  (IV)  were  reduced 
to  5.2  and  5.8  respectively.  Four  animals  in  each  of  the  latter  groups  were 
fr(>e  from  carious  lesions. 


/•'((/.  /.  Maxillary  Teeth:  Xoriual,  neelusal  view.  H.  Ineipieiit  (K-elusal  caries, 

t’.  and  I).  .Advanced  occlusal  caries.  K.  Destruction  of  drd  molar  crown.  K.  Knamel 
undermined  l>y  lesion  in  lingual  sulcus  of  .'trd  molar  tooth. 


In  contrast  to  the  mandibular  preference  of  tlental  caries  observed  in  rats, 
ilecay  was  found  to  a  large  extent  in  the  maxillary  molar  teeth.  Animals  feil 
the  fine  corn  diet  (II)  revealed  a  high  degrt'e  of  caries  activity  in  maxillary  as 
compared  with  mandibular  teeth,  but  a  reveme  tendency  was  noted  in  animals 
that  received  coai'se  corn  (I)  or  rabbit  chow  (III).  Fluorasis,  manifested  by 
loss  of  pigment  in  inci.sor  enamel,  became  grossly  evident  after  10  weeks  on  diets 
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III  and  n’.  However,  jjifinieiitarv  changes  resulting  from  fivioride  ingestion 
as  well  as  nonnal  pigmentation  showed  considerable  variation. 

(iross  1  ami  2)  ami  microscopic  (Jig.  J)  examinations  of  the  lesions 

revealed  characteristics  strikingly  similar  to  those  of  caries  in  man,  including 
typical  enamel  undermining  and  production  of  yellow  pigment,  liesions  were 
most  prevalent  in  d(X'p  (Krlusal  grooves  and  in  buccal  and  lingual  sulci.  To 
a  far  lesser  extent,  they  occurred  at  the  gingival  margins  of  the  crown,  hiter- 
jjroximal  caries  was  (M-casionally  observed  where  food  |)articles  and  debris  were 
found  wedged  IkUwwii  the  t(‘eth.  Some  teeth  were  attacked  simultaneously 
at  several  points,  ('ompletely  destroyed  crowns  were  a  common  finding. 


I'lg.^.  .Mandibular  Tcctli:  .\.  Xornial.  H.  (.'aricH  originating  in  buccal  .sulci.  (’. 
Intensive  o<'cluso-buccal  involvement  of  Urd  molar  tooth.  I).  Cervical  caries  of  mesio- 
buci-al  angle  in  1st  molar  tooth. 


Di.'^crssio.v 

In  general,  the  results  confirm  those  of  .\rnold  (1 ).  Caries  in  hamster  molar 
teeth  devehjped  in  areas  when*  food  is  lik«*ly  to  accumulate,  i.e.  in  <Ua*p  bucco- 
lingual  sulci  and  occlu.sal  fossae,  and  at  cervical  margins.  .\s  many  us  d  or  4 
le.sions  ajjpeared  simultaneously  in  some  teeth,  presumably  because  of  the  large 
number  of  vulnerable  areas  provid(*d  by  gn*atly  accentuated  grooves  and  sulci. 
Knamel  fracture  was  apparently  <jf  minor  importance  in  the  production  of 
cavities.  Lesicjiis  were  ob.served  in  teeth  without  fracture,  and  were  commonin 
animals  that  received  a  finely  ground  corn  diet. 

Observation  of  sub.stantial  numbers  of  carious  lesions  in  the.  maxillary  teeth 
<jf  the  hamster  appears  to  differentiate  caries  activity  in  this  animal  from  that 
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in  rats.  Mandibular  preference  of  caries  in  the  latter  has  been  reportefl  by 
Iloppert,  Webber,  and  (’anniff  (2),  Hodecker  and  Applebaum  (5),  Hibby  and 
Sedwick  ((>),  Rosebury  (7),  Templin  and  Steenbock  (8),  Miller  (0),  McClure 
and  Arnold  (10),  and  Armstrong  (11).  However,  Hodge  and  Finn  (12)  in  a 


t'iij.  H.  (iniuiiil  scclioii  pliotuiiiicroKraplis  of  iioriiiitl  and  rariou.s  hanustor  molar  tta^tli 
\.  Intact.  M.  Incipient  lesion  at  floor  of  sulcus;  enamel  umltMiuined  at  ha.st*  of  lamella 
Occlusal  lesion  with  some  i‘vi<lence  of  secomlarv  dentin  formation. 


carefully  controlhal  e.xperiinent  found  a  high  iiuadeiice  *>f  experimentally  pri»- 
dueed  earit*s  in  tiu*  nnixillary  teeth.  Doubt  t'xists  rt'gardiitg  tin*  true  situation 
and  tin*  factors  invol\'e«l,  but  on  tIu*  whoh*,  tlu*  ilittertaiee  bet\vt*en  haiusteis 
and  rats  in  rt'speet  t(>  tlu*  distributuui  td  etirious  lesions  st*ems  amply  suppiuteil. 
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The  difference  Ix'tween  tiie  nunil)er  of  maxillar>'  anti  mandibular  carious  molar 
twth  is  highly  significant  statistically  in  group  I,  less  so  in  group  II,  and  insig¬ 
nificant  in  group  III  and  IV  animals. 

The  de<‘rea.se  in  caries  susceptibility  of  group  111  animals  was  apparently 
a  piixluct  of  the  fibrous  consistency  and  high  fluorine  content  (average  08.3 
p.p.m.)  of  their  ration.  Tin*  amount  of  fluorine  in  the  coarse  (I)  and  fine  (II) 
corn  diets  was  consi«lerably  lower  (0.4  p.p.m.)  and  of  the  same  onler  as  obtained 
for  common  cereals  by  Machle,  Scott,  and  Treon  (13). 

'rhirt<*en  animals  di('(l  before  completion  of  the  experiment,  2  from  intestinal 
obstruction  due  to  ingestion  of  sugar  cane  bedding,  II  from  indeterminate 
causes.  Fatalities  includ(*d  0  hamsters  receiving  supplementary  fluorine  in 
the  drinking  water,  but  the  halogen  apparently  was  not  a  responsible  factor 
inasmuch  as  animals  on  supplement -free  diets  fared  as  badly.  It  is  our 
exjxu-ience  that  50  p.p.m.  of  fluorine  as  XaF  in  the  drinking  water  is  well  toler- 
atixl  by  Syrian  hamsters.  Data  from  (lis(*ased  animals  were  discarded  to  avoid 
ambiguity  in  interpretation  of  th(‘  results. 

l^xamination  of  the  incis(ir  teeth  did  not  indicate  whether  the  hamster  re- 
(juired  greater  amounts  of  fluorine  than  the  rat  to  produce  pignumtary  changes 
in  the  enamel  since  the  form(*r  c()nsumes  approximately  a  third  as  much  water 
as  the  rat  of  ccjm|)arable  weight. 


SI'.M.M  AHV 

Freliminary  studies  of  <lental  cari<‘s  in  Syrian  hamstta-s  indicate  that  it  is 
grossly  and  microscopically  comi)arable  to  th<*  disease  in  human  b«‘ings.  I’nlike 
caries  pnxluced  in  the  rat,”  lesions  were  widely  distributed  in  both  maxillary 
ami  mamlibidar  molar  teeth  and  developed  without  evidence*  of  fracture.  .\s 
much  as  50  p.p.m.  of  fhuerine  as  XaF  in  the  drinking  water  ami  upward  of  08 
p.p.m.  of  the  halogen  in  the  food  were*  te)le*rate*d  without  ele*le*te‘riems  effe*e*ts 
and  e*.xertesl  a  carie*s-irdiibiting  effe*e*t.  'I'he*  type*  of  e-arms  produe*e*d  in  the 
hamster  ami  the  adaptability  of  the  animal  te>  the  laboratory  se‘e*m  to  render  it 
supe*rior  to  the  rat^  as  a  subje*ct  for  carie*s  inve*stigation. 

'I'll*'  UD'  (II  assistants  fur  fliiuriili*  analyses  of  the  rations  amt  statistical 

evaluation  of  t  lie  ilata,  hiiiI  to  .Mr.  Itay  Ki'sel  for  can*  and  lireedin;'  of  the  animals. 

ki;ki;hi:\(’i;s  re)  eitkh atim{K 

1  .\K.\oi.n,  1'.  .\.,  Produ<‘tion  of  ( 'arioiis  Lesions  in  the  .Molar  Teeth  of  Hamsters  ((’. 

auratus;,  1‘itlt.  Hatlth  67:  Id,  I!(t2. 

2  lloi'i'KUi,  C.  .\.,  WKnnKit,  I'  .V.,  .\.m»  (’a.nmkk,  'I'.  L.,  Prodiiet ion  of  Dental  Caries  in 
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*  'I'he  alhino  and  liooileil  rats  have  commonly  tieen  used  in  caries’ st uilies.  See  “Dental 
< 'aries  in  the  ('olton  Hat”  hy  Shaw,  Schwei(tert ,  LIvehjem  and  Phillips  [J .  I>.  Hes.,  23: 
-117,  11/14,  this  issue;.  Ld. 
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STATISTICAL  STUDY  OF  THE  PRIMARY  CAUSES  OF  E^XTRACTIONS* 

EDWARD  F.  ALLEN,  B.S.,  D.D.S.* 

School  of  Dentistry,  University  of  Michigan,  Ann  Arbor,  Mich. 

This  study  was  undertaken  in  an  attempt  to  evaluate  the  relative  importance 
of  the  common  dental  disorders.  Caries  and  pyorrhea  are  considered  the  most 
common  dental  diseases,  but  the  literature  is  somewhat  confusing  as  to  their 
comparative  importance.  Caries  is  said  to  be  the  most  prevalent  of  all  dis¬ 
eases  (1),  even  more  common  than  the  common  cold  (2).  Very  few  individuals 
escape  its  attack,  its  occurrence  ranging  from  75%  to  95%  in  the  civilized 
nations  (3).  Yet  the  fact  has  been  emphasized  that  periodontal  disease  is 
extremely  prevalent  (4),  with  an  estimated  prevalence  of  80%  among  adults  (2). 
And  it  has  been  suspected  as  the  cause  of  more  extractions  than  any  other 
disease  (5).  It  is  hoped  that  this  study  will  present  a  clearer  picture  of  the 
problem. 

METHOD 

The  investigation  consisted  of  the  study  of  1,167  consecutive  registrants  at 
the  University  of  Michigan  dental  school  clinic.  About  one-third  of  these 
underwent  extractions.  Using  the  diagnoses  as  made  by  staff  members,  the 
primary  causes  of  extractions  were  divided  into  8  groups: 

1.  Caries.  All  extractions  in  which  caries  was  the  primary  factor,  inoperable  pulpal 
involvements  due  to  caries,  teeth  fractured  due  to  extensive  caries,  pulpless  teeth  (as  a 
result  of  caries)  with  apical  pathosis,  etc.  All  but  5  of  the  pulpal  involvements  were  due 
to  caries. 

2.  Periodontal  disease  (pyorrhea).  All  teeth  lost  as  a  result  of  periodontal  disease. 

3.  Impaction.  Extractions  indicated  by  complete  or  partial  impaction  (non-eruption). 

4.  Prosthetic  correction.  Teeth  sacrificed  solely  to  facilitate  better  prosthetic  res¬ 
toration. 

5.  Orthodontic  correction.  Teeth  (except  supernumerary)  which  were  extracted  for 
correction  or  prevention  of  malocclusion. 

6.  Supernumerary  teeth. 

7.  Traumatic  causes.  Pulpal  pathosis  due  to  trauma,  and  teeth  fractured  (without 
caries)  beyond  safe  restoration. 

8.  Surgical  involvement.  Teeth  involved  secondarily  in  maxillo-facial  surgery. 

These  8  causal  groups  provide  the  1,424  teeth  in  this  study.  The  grouping 
is  patterned  after  Brekhus’  report  on  the  causes  of  extractions  (6).  However, 
it  is  felt  that  primary  factors  are  more  significant  for  present  purposes  than 
secondary  causes  used  by  Brekhus. 

‘  Received  for  publication  September  12,  1944. 

*  Graduate  student. 
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Table  I  presents  the  distribution  of  extractions  as  to  cause,  sex,  and  age. 
Fig.  1  indicates  the  percentage  of  extractions  in  each  causal  group.  From  these 
two  charts,  it  is  evident  that  caries  and  periodontal  disease,  together,  accounted 
for  almost  90%  of  the  teeth  lost,  the  remaining  10%  being  distributed  among 
the  6  minor  causes  (Table  II). 


TABLE  I 

Distribution  of  extractions 


AGE 

SEX 

NO. 

NO. 

CAEIES 

PYOE- 

EHEA 

lUPAC- 

TION 

PSOS- 

THET. 

OETHO* 

DONT 

SUPEE- 

NUM 

TEAU- 

MATIC 
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u 
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M 

u 

0 

8 

u 

M 

U 

i 

u 

H 

§ 

u 

I 

2 

0 

1 

(A 

§ 

u 

K 

I 

i 

u 

1-10 

M 

21 

7 

19 

5 

■ 

B 

B 

B 

1 

B 

42 

15 

35 

10 

5 

3 

2 

2 

11-20 

85 

63 

59 

44 

1 

1 

12 

8 

10 

7 

3 

3 

B 

29 

20 

13 

9 

0 

0 

m 

6 

6 

5 

0 

B 

21-30 

M 

154 

68 

127 

45 

1 

H 

21 

17 

0 

B 

3 

3 

2 

2 

0 

fl 

F 

135 

49 

20 

15 

11 

13 

3 

1 

1 

2 

1 

3 

1 

31-40 

M 
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102 

5 

3 

0 

B 

1 

1 

3 

1 

F 

67 

18 

16 

1 

1 

1 

1 

B 

B 

B 

B 

41-50 

M 

107 

16 

63 

44 

5 

0 

B 

B 

153 

19 

40 

6 

104 

12 

9 

1 

51-60 

152 

12 

2 

2 
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9 

15 

1 

B 

119 

15 

68 

8 

51 

■ 

■ 

0 

B 

61-70 

M 

89 

9 

34 

3 

51 

1 

■ 

2 

1 

2 

1 

F 

18 

3 

9 

2 

9 

B 

1 

0 

B 

B 
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M 

61 

5 

37 

3 

24 

2 

• 

I 

F 

29 

4 

7 

2 

22 

2 

B 
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M 

832 

H 
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29 

38 

28 

17 

2 

14 

11 

4 

4 

6 

4 

2 

1 

F 
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27 

26 

18 

23 

5 

12 

9 

4 

3 

0 

B 

3 

1 

1424 

353 

1695 

I211 

56 

64 

46 

i 

7 

26 

i 

8 

7 

6 

4 

5 

2 

Fig.  2  represents  the  total  extractions  classified  according  to  age  and  sex. 
Fig.  3  and  Table  III  presents  total  extractions,  caries-extractions,  and  pyorrhea- 
extractions,  in  each  age  group. 

The  average  extractions  per  patient  in  each  causal  group  are  given  in  Fig.  4 
and  Table  IV: 

The  averages  for  caries  and  periodontal  disease  seem  significant.  Data  for 
the  other  groups  are  included  merely  for  the  sake  of  completeness.  Their 
significance  is  questionable  because  of  the  small  number  of  cases. 


Fig.  1.  Primary  Causes  of  Extractions 


TABLE  II 


Caries . 

Periodontal  disease . 

Impaction . 

Prosthetic  correction. . . 
Orthodontic  correction. 
Supernumerary  teeth... 

Traumatic  causes . 

Surgical  involvement... 


PER  CENT 

VVU.  EXT. 

AGE  RANGE 

48.8 

695 

6  to  81 

580 

19-76 

4.4 

64 

14-40 

2.8 

40 

23-65 

1.8 

26 

6-30 

0.5 

8 

8-31 

0.4 

6 

17-33 

0.3 

5 

20-70 

21-30  31-40  41-50  51-60  61-70  over  70 

Factor  in  Total  Extractions 
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SUMMARY 

An  analysis  was  made  of  the  causes  of  extraction  of  1,424  teeth.  In  59% 
of  the  patients  studied,  teeth  were  extracted  as  a  result  of  caries.  This  com¬ 
prised  48.8%  of  all  extracted  teeth.  Each  patient  averaged  3.29  extractions. 
The  caries  group  ranged  in  age  from  6  to  81  years,  the  only  causal  group  that 
appieared  in  all  ages.  Males  outnumbered  female  patients,  3  to  2. 

Those  in  the  periodontal  disease  group  comprised  13%  of  all  patients,  and 
40.7%  of  all  extractions.  Each  patient  averaged  10.35  extractions.  Numbers 
of  male  and  female  patients  were  nearly  equal. 

Impacted  (unerupted)  teeth  constituted  the  third  largest  group,  4.4%  of  all 
teeth  extracted,  involving  3  age  groups,  from  14  to  40  years.  Extractions  for 


TABLE  III 


AGE  GKOUP 

CAKIES  EXT. 

PYORRHEA  EXT. 

TOTAL  EXT. 

1-10 

54 

— 

63 

11-20 

72 

1 

114 

21-30 

208 

21 

289 

31-40 

101 

118 

230 

41-50 

103 

148 

260 

51-60 

70 

186 

271 

61-70 

43 

60 

107 

over  70 

44 

46 

90 

TABLE  IV 


Caries .  3.29 

Periodontal  disease . .  10.35 

Impaction .  1.39 

Prosthetic  correction . 5.71 

Orthodontic  correction .  1.30 

Supernumerary  teeth .  1.14 

Traumatic  causes .  1.50 

Surgical  involvement .  2.50 


prosthetic  correction  made  up  the  fourth  group,  with  2.8%  of  all  extractions, 
but  with  less  than  1%  of  the  total  patients.  Supernumerary  teeth  accoimted 
for  0.5%  of  all  extractions,  traumatic  causes  for  0.4%,  and  surgical  involve¬ 
ment,  0.3%. 

From  this  data,  the  most  notable  fact  seems  to  be  the  relative  importance  of 
caries  and  periodontal  disease.  Almost  one-half  the  extractions  were  due  to 
caries,  and  about  40%  were  due  to  pyorrhea.  Yet  caries-extractions  averaged 
approximately  3  per  patient,  and  periodontal  disease-extractions  were  approxi¬ 
mately  10  per  patient.  Although  extraction  statistics  such  as  these  are  entirely 
inadequate  in  determining  the  incidence  of  dental  disease  and  disorders,  they 
do  indicate  the  relative  importance  of  the  various  disorders  in  terms  of  oral 
health. 
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LKrK()('YTKS  IX  THE  EPITHELIUM' 


B.  OHBAX 

From  the  Fouiuhitioii  for  Dental  Heseureh  of  the  Chicago  College  of  Dental  Surgery. 

Chicago,  111. 

In  inflamlnatory  reactions  of  the  gingiva,  leukocytes  of  tlie  polymorphonuclear 
type  migrate  from  the  capillaries  into  the  connective  tissue  and  from  there, 
through  the  epithelium,  to  the  surface.  Bardeleben-  in  his  study  of  the  healing 
|)rocess  of  wounds  stated  that  a  degenerative  condition  of  the  epithelium  might 
l)e  responsible  for  the  extensive  invasion  of  leuk(K‘ytes  into  the  epithelium.  It 
is  (piite  j)robable  that  ultimately  the  leukocytes  destroy  the  epithelium.  Hatton* 
also  observed  the  extensive  infiltration  of  the  gingival  epithelium  by  leukocytes, 
and  consider(‘d  reti’ograde  changes  in  the  epithelium  respotisible  for  this 
l)henomenon. 

Sp(‘cimens  came  under  observation  where  the  epithelium  was  tlensely  invaded 
l)y  leukocytes  (Jig.  1)  in  spite  of  the  fact  that  the  surrounding  coniundive  tissue 
was  in  a  stat(‘  of  chronic  inflammation  and  more  t)r  less  frtn*  of  leukwytes. 
T1h“  connective  tissue  in  this  case  is  densely  tilled  with  plasma  cells.  In  the 
zone  immediately  limiting  the  epithelium  there  are  some  leukiH'ytes.  The 
epithelium  itst*lf  shows  an  extensive  invasion  of  leukiH*ytes  which  InTomes 
dens(‘r  clos(*  to  the  surface. 

In  higher  magnification  (jig.  2)  it  be(a)mes  evident  that  lH‘twtH*n  the  plasma 
cells  there  are  only  a  few  leukocytes  prestmt  and  thest'  are  mostly  elongattnl, 
indicating  active  migration.  In  the  epithelium  the  leuktK-ytes  are  found  in  the 
interc(‘llular  spaces.  Some  are  elongated  while  otheiv  have  their  usual  round 
shape. 

'I'liat,  there  might  be  .some  special  significance  in  the  gatlu'ring  of  leukwytes 
in  the  epithelium  was  conceived  by  the  st\uly  of  micro.scopic  stations  of  a  s^Hvi- 
incn  clinically  diagm)s<*d  as  pulp  poly|).  'I'lie  seiUions  show  that  it  was  not  a 
pulp  jxilyp  but  an  overgrowth  «if  granulation  tissiu'  from  the  highly  infiltrattsl 
intcM-radicular  spac(^  (jig.  .{).  'I'his  granulation  tissue  is  thaisely  intilt rattsl  with 
plasma  cells;  in  .some  areas  tlu're  is  nothing  else  but  pla.sma  cells.  ’I'he  aiH'x  t>f 
the  tooth  and  the  surface  of  the  granulatiim  tissia*  art*  cmmecteil  by  straiuls  of 
epithelial  tissut*  (Jig.  .{)•  I'kt*  outline  ttf  the  epithelial  tissut*  is  ni*t  sharp,  aiul 
only  by  the  som4*what  4larkt*r  .staining  reaction  can  it  be  recognizeil  as  such. 
In  higher  magnification  (Jig.  />)  the  t'pithelium  is  .st*t‘n  infiltratetl  through  ami 
tlirough  with  leukt>cytes,  while  the  surnninding  ctumective  tissut*  is  crttwdeil 

'  al  (Ilf  iiifftiiig  Ilf  (lit^  ( 'liifiigii  Sfclion  ul'  (In*  liitfiiiiiliotiHl  .\ssof iutuui  tor  iViitai 
Itfsfarfli,  .April  l.S,  KMlt.  Hfffivfil  lor  piililifatioii  Sfplfiul>fr  IS,  IU44 

'  Itardf Ifitfii,  It.  V i rchoie’e  .Irch.,  163:  1(17,  1(101. 

*  llalloii,  K.  il.,  D.  Suininary,  39:  Hft,  KUd. 
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Fig.  I  (rp|M-r  left).  MiKrutioii  <if  leuk«)«*ytes  into  epitlieliuin  (a)  <»f  triiiKiva.  Suh- 
e|)ithelial  <‘onnective  tisane  (b)  is  infiltrated  by  plasma  eells. 

Fig.  a  (I»wer  left).  Higlier  magnification  of  ti|>  of  epithelial  p»*g  fr<im  Jig.  I.  Leuko¬ 
cytes  have  accumulated  in  epithelium  (a)  while  in  conmadive  tissue,  plasma  cells  form 
infiltrate  (b).  Few  leuko<-ytes  are  present  between  ])lasma  cells. 

Fig.  .i  tl'piao’  right),  (iranulation  tissue  from  bifurcation  of  molar  extenils  into  pulp 
chamber  (a).  'J'issue  between  rocits  is  densely  iidiltrate<l  by  plasma  cells  (b).  Fpithelial 
cords  (<•)  connect  a|w.\  of  one  root  with  tissue  in  pulp  chamber. 

Fig.  4  <l>jwer  right).  Higher  magnification  of  inter  railicular  granulatimi  tissue  from 
lig.  If.  a,  dens<'  accumulation  of  plasma  cells;  b,  epithelial  cord  infiltrated  by  leukocytes. 
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with  plasma  cells.  Only  the  connective  tissue  which  immediately  surrounds 
the  epithelium  contains  any  leukocytes.  In  some  sections  the  epithelium  is  .so 
densely  infiltrated  with  leukocytes  that  it  can  not  l)e  recognized,  and  its  presence 
can  only  he  surmised  after  a  study  of  many  sections. 

'Phere  is  a  possibility  that  some  toxins  might  penetrate  between  the  inter¬ 
cellular  s{)aces  of  the  epithelium  from  the  surface,  extend  far  into  thedeeiier 
tissues  and,  by  positive  chemotoxis,  stimulate  selectively  the  leukocytes  to 
invade  the  ej)ithelium  in  an  effort  to  neutralize  the  toxins.  Toxins  might  also 
be  produced  by  a  degeneration  of  the  epithelial  cells  resulting  from  insufficient 


/•’((/.  <5.  IligluM'  iiia.^iiificatioii  of  epithelial  •■ord  (bp  from  Hjt.  4.  Kpitheliiim  is  erowiled 
witli  leukoeytes  (a).  Surroimdiiig  eonneetive  tissue  is  infiltrated  by  plasma  eells  (b). 
Only  z(me  immediately  limiting  epithelium  eontains  leukoeytes  (e). 

nouri.shment  in  the  chronically  inflamed  environment.  The  partial  destruction 
of  the  epithelial  tissue  might  be  the  caust'  or  the  result  of  the  invasion  t)f  the 
leukocytes. 


coNt'brsioxs 

betikocytes  often  invade  the  epithelium  t)f  the  surface,  as  well  as  the  epi¬ 
thelium  which  htis  proliferated  into  the  dee|M'r  regions,  even  if  the  surrounding 
eoniK'ctive  tissue  is  in  a  state  of  chronic  infiltration.  ’Phis  accumulation  of 
leukocyt(*s  is  most  probably  du(‘  to  some  chenudactic  influences  from  tt)xins 
penetrating  from  the  surface,  or  developing  in  the  epithelium  as  a  result  of 
degeneration  of  the  epithelial  eells. 


ANALYSIS  OF  THE  ENAMEL  FORMATION  IN  THE  CONTINUOUSLY 
GROWING  TEETH  OF  NORMAL  AND  VITAMIN  C 
DEFICIENT  GUINEA  PIGS* 

F.  WASSERMANN 

From  the  Wcdter  G.  Zoller  Memorial  Dental  Clinic  and  the  Department  of  Anatomy  of  the 
University  of  Chicago,  Chicago,  III. 

The  present  study  on  amelogenesis  is  a  histo-physiological  analysis  of  the  tis¬ 
sues  involved  in  the  formation  and  maturation  of  the  enamel  matrix.  The 
mammalian  tooth-germ  or  the  successive  phases  of  tooth  dev^elopment  in  a 
continuously  growing  tooth  seemed  to  be  especially  suitable  objects  for  this  kind 
of  investigation.  Amelogenesis  consists  of  gro\vi;h,  differentiation  and  produc¬ 
tion.  These  are  the  functions  of  the  specific  combination  of  tissues  in  the 
tooth-germ.  While  the  morphological  details  are  not  neglected  our  interest 
centers  about  correlation  and  integration  of  various  structures  in  the  initiation, 
•naintenance  and  termination  of  the  complex  process  of  amelogenesis. 

MATERIAL  AND  METHODS 

This  study  is  based  on  more  than  100  guinea  pigs  ranging  from  embryos  to  ani¬ 
mals  of  about  1^  years  of  age. 

The  animals  were  kept  on  a  basic  diet  which  provided  them  with  all  the  neces¬ 
sary  food  stuffs.  The  antiscorbutic  factor  was  supplied  by  orange  juice.  In  the 
experimental  animals  the  antiscorbutic  factor  was  either  withheld  or  was  added 
again  when  healing  of  the  injuries  due  to  the  dietary  deficiency  was  desired. 

It  is  known  that  any  general  pathologic  condition  of  the  body  may  be  reflected 
on  growth  and  development  of  the  teeth.  The  health  of  animals  used  for  studies 
of  the  histogenesis  of  dental  tissues  must  be  kept  under  constant  control.  This 
requirement  was  met  by  recording  the  weight  of  each  animal  at  regular  intervals 
and  by  a  complete  autopsy  including  histologic  sections  of  the  organs  in  every 
case. 

Although  there  is  no  difference  between  the  dental  tissues  in  the  upper  and  the 
lower  jaws,  the  lower  jaw'  was  given  preference  since  it  can  be  removed  without 
injury  of  the  periodontium.  Fixation  with  Zenker’s  solution  plus  formalin  or 
with  Bouin’s  fluid  w  as  done  either  by  immersion  or  by  perfusion.  No  difference 
in  the  results  has  been  found  under  the  two  ways  of  applying  the  fixatives.  With 
any  technic  the  preservation  of  the  inner  enamel  epithelium,  particularly  its 
proper  relation  to  the  enamel  matrix,  is  often  found  unsatisfactory.  The  epi¬ 
thelium  is  most  vulnerable  in  the  zone  of  transition  betw  een  the  tall  prismatic 
and  the  reduced  ameloblasts.  This  seems  to  be  due  to  the  quick  change  in 

*  Part  of  the  expense  of  publication  of  this  paper  has  been  borne  by  the  Walter  G.  Zoller 
Memorial  Clinic.  Received  for  publication,  October  28,  1944. 
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hydration  which  has  been  found  to  take  place  during  this  period  of  development 
(see  p.  485).  The  lower  jaws  were  completely  isolated  and  freed  from  the  adher¬ 
ent  soft  tissues  including  the  periosteum.  In  addition,  the  posterior  part  with 
the  articular  and  muscular  processes  was  removed.  This  helps  to  secure  the  best 
possible  fixation  of  the  dental  tissues  especially  the  inner  enamel  epithelium. 
Decalcification  of  the  jaw  in  5%  nitric  acid,  imbedding  in  celloidin,  cutting  and 
staining  was  done  in  the  usual  manner.  For  demonstrating  the  presence  of  cal¬ 
cium  in  tissues  the  von  Kossa  method  in  McLean’s  and  Bloom’s  modification 
was  used.  Fresh  tissues  were  studied  under  various  conditions  in  order  to  control 
the  findings  in  the  fixed  and  stained  sections. 

SURVEY  OF  THE  DEVELOPMENT  OF  THE  ENAMEL 

The  morphology  of  the  continuously  gro^^'ing  teeth  of  the  guinea  pig  has  been 
described  by  Gottlieb  and  Greiner  (’23)  and  by  Santon6  (’35),  among  others. 
It  suffices,  therefore,  to  review  briefly  the  structures  as  presented  in  the  longi¬ 
tudinal  section  of  the  tooth  (Jig.  7).  A  single  section  through  the  upper  or  the 
lower  jaw,  as  in^.  7,  does  not  show  the  full  longitudinal  section  of  a  tooth  in  all 
its  parts  on  account  of  the  curved  shape  of  the  jaw  and  of  the  corresponding 
position  of  the  teeth  within  the  jaw.  A  schematic  drawing  (Jig.  1)  will  be  useful 
to  demonstrate  the  3  parts  or  lamellae  of  the  tooth  which  are  separated  from 
each  other  by  periodontal  tissue.  A  diagrammatic  section  mfig.  2  corresponding 
to  a  level  between  I  and  II  in  Jig.  1  simplifies  visualization  of  the  shape  of  th^e 
folded  teeth  with  the  periodontal  tissue  gro^ving  in  from  the  buccal  and  the  lingual 
side  and  the  narrow  “bridges”  which  connect  the  3  lamellae.  As  the  lamellae 
are  identical,  a  central  section  of  1  lamella  illustrates  the  complete  formation  of 
the  enamel. 

At  the  apical  end  of  the  tooth  an  enamel  organ  persists  throughout  life  (I  in 
Jig.  1).  Here  the  inner  enamel  epithelium  (a)  resting  upon  the  young  dentin 
(d),  with  odontoblasts  (o)  and  the  pulp  (p)  at  the  inner  side,  and  stratum  inter¬ 
medium  (st.  i.),  stellate  reticulem  (st.  r.)  and  outer  enamel  epithelium  at  the 
outside  are  recognized.  This  is  the  embryonic  zone  of  the  tooth.  It  is  also  the 
sphere  of  growth  with  growth  centers  in  the  pulp,  in  the  pseudostratified  inner 
enamel  epithelium  and  in  the  stratum  intermedium.  The  rapid  multiplication  of 
the  cells  within  the  centers  of  growth  has  been  studied  recently  by  the  aid  of  the 
colchicin  method  (Sicher  ’42,  Jump  ’42). 

In  this  region  the  tooth  elongates  continuously  toward  the  surface.  In  particu¬ 
lar  the  pulp  tissue  with  the  odontoblasts  and  the  dentin  as  well  as  the  ameloblasts 
and  cells  of  the  stratum  intermedium  are  steadily  moving  upward  (see  arrows  in 
Jig.  1)  while  the  outer  enamel  epithelium  and  the  stellate  reticulum  are  left  be¬ 
hind.  It  is  as  though  an  ordinary  mammalian  tooth  germ  were  opened  at  the 
top  to  allow  the  inner  part  with  the  hard  substances  to  rise  into  the  connective 
tissue. 

In  the  cheek  teeth  of  the  guinea  pig  the  connective  tissue  that  fills  the  space 
between  the  lamellae  is  also  part  of  the  growing  system.  It  moves  up  (arrow  in 
Jig.  1)  with  the  tooth  to  which  it  becomes  firmly  attached.  By  a  continuous 
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transformation  into  cartilage  as  a  kind  of  crown  cementum  (c.c.  in  Jig.  1)  it 
l)ocomes  functicmally  adapted  to  the  chewing  surface  where  it  undergoes  attrition. 


txjnt' 


Fig.  1.  Diagram  uf  longitudinal  acrtion  of  guinea  pig  molar  in  alveolar  socket.  I, 
emhryonie  zone;  I-II,  zone  of  enamel  pnaluetion;  II-III,  zone  of  maturation  of  the  enamel 
matrix.  Three  lamellae  of  t(M)th  with  pulp  (p)  ami  odontoblasts  (o),  dentin  (d),  enamel 
matrix  (em)  and  hard  enamel  (eh),  inner  enamel  epithelium  with  tall  amel(>blasts  (a)  during 
production,  re<luced  ameloblasts  (ar)  (luring  maturation  and  stratum  intermedium  (st.  i.). 
In  embryonic  zone  srdlate  reticulum  (st.r.)  and  outer  enamel  epithelium.  Lamellae  are 
separated  by  the  |>eriodontal  tissue  (pe)  which  changes  into  cartilage  cementum  (c.c.) 
toward  the  occlusal  end  of  the  tooth.  Periodontal  tissue  also  between  tooth  and  alveolar 
bone,  .\rrow8  indicate  direction  of  growth  in  pulp,  enamel  epithelium  plus  stratum  inter¬ 
medium  and  in  freriodontal  tissue. 


Accordingly,  the  periodontal  ti.ssue  regenerates  from  below  by  the  steady  ex¬ 
pansion  of  a  vascularizetl  young  connective  ti.s.sue.  Thus  the  growth  proces.- 
as  a  whole  rests  not  only  on  the  expansion  of  the  pulp,  the  inner  enamel  epi 
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theliuni  and  stratum  intemie^lium  Imt  also  on  tho  dovolopmont  of  tho  omhrvonir 
jjeriodontal  tissuo  l»y  multiplication  of  colls  and  formation  of  now  hloo<i  capil- 
larios.  Pulp  and  j)ori<Kl(»ntal  tissuo  contain  mosonchymal  growth  ccmfors  in 
contrast  to  tho  purely  mit<ilic  contors  of  tho  innor  onamol  opitholium  and  stratum 
intorme<iium.  Py  this  distinction  wo  domonstrato  a  comploxity  of  tho  urowth 
process  which  helps  to  explain  certain  disturhanco'<  in  tho  development  of  these 
teeth  in  scurx  y  (se<^  p.  477  i. 

It  is  iiH-essary  to  relate  the  history  and  the  activity  of  the  amelohla.sts  to  the 
continuous  jtrowth  of  the  te<'th.  ( )ne  after  another,  the  amelohlasts  are  movinp 


/ahial 
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I'tij.  i.  Diagram  of  cross  swtioti  of  Kuiiicii  pin  molar  at  level  between  I  and  II  of  I 
a.b.,  alveolar  boiu*;  per  t.,  periodontal  tissue;  eM.<‘p-,  inner  enaiiir'l  (‘pit helium;  e.,  enamel; 
d.,  dentin;  p.,  pulp. 

out  of  the  einhryonic  zone,  'riii*  sanu'  aimdtthlast,  which  emer^t*s  from  the 
final  mitosis  within  tin*  emhryimic  /a lit/.  /,  would  he  found  a  few  days  later 
hiffher  up  within  the  zone  of  proiluction;  still  later,  during  tlu*  maturation  ()eri(Ml 
it  is  htcated  in  the  short  enamel  epithelium;  fimilly  it  is  simply  ti  cell  in  an  epi- 
tludial  islet  adhering  to  the  hard  emunel.  Both  tin*  cell  timl  its  prcMluct  move 
toward  the  surface  so  that  at  any  given  lexcl  of  the  tooth  the  amount  of  enamel 
records,  roughly,  the  activity  of  the  cell  up  to  that  point.  The  cells  of  the 
stratum  intermedium  progress  sid(‘  hy  siile  with  th(‘  amelohlasts. 

The  amelohlasts  on  their  way  toward  the  surface  are  subject  to  changing 
enviniiimental  situathiiis.  At  their  inner  eiuls,  the  dentin  increases,  while  at  the 
outer  side,  the  st<*llate  r(*ticulum  is  r(*plac(Hl  hy  the  young  |M‘riodontal  tissue,  which 
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gradually  turns  into  cartilage.  In  addition,  the  enamel  substance,  between  the 
inner  enamel  epithelium  and  the  dentin,  is  another  environmental  factor  which 
changes  from  level  to  level  in  volume  and  physico-chemical  constitution.  It  will 
be  necessary  to  consider  the  influence  of  these  environmental  factors  on  the 
ameloblasts  in  the  different  periods  of  their  history.  Fig.  1  shows  the  different 
zones  of  the  tooth,  viz.  the  embryonic  zone,  the  zone  or  period  of  production  of 
the  enamel  matrix  (from  I  to  II);  the  period  of  maturation  (from  II  to  III);  and 
the  zone  of  the  hard  enamel  represented  in  decalcified  sections  by  the  enamel 
space  with  inconspicuous  remnants  of  the  finely  distributed,  scanty,  organic  mate¬ 
rial.  The  differences  between  these  zones,  with  respect  to  the  tissues  involved 
in  the  production  of  the  enamel,  will  be  discussed  below',  giving  special  attention 
to  the  changes  w  hich  characterize  the  transitions  from  zone  to  zone. 


Fig.  S.  Diagram  of  tooth  germ  and  vascular  mesenchyme  to  show  2  sources  of  supply, 
viz.  pulp  and  surrounding  tissue. 

BEGINNING  OF  ENAMEL  PRODUCTION 

At  the  occlusal  end  of  the  embryonic  zone,  the  whole  system  of  tissues,  which  is 
the  equivalent  of  the  ordinary  mammalian  tooth  germ,  undergoes  a  series  of 
changes.  The  differentiation  of  the  embryonic  cells  of  the  inner  enamel  epi¬ 
thelium  into  active  ameloblasts  is  but  one  part  of  a  complex  process.  A  histo- 
physiological  analysis  of  this  process  shows  that  the  ameloblasts  are  activated 
by  changing  metabolic  conditions. 

(1)  The  metabolic  conditions  in  the  embryonic  zone. 

The  tissues  of  the  enamel  organ  are  supported  by  the  pulp  and  are  surrounded 
by  the  equally  vascularized  periodontal  tissue  {Jig.  S).  Obviously,  it  lies  between 
2  sources  of  nutrition.  The  pulp  remains  in  its  original  relation  to  the  epithelium 
as  the  supporting  vascular  mesenchyme;  accordingly,  the  basement  membrane 
of  the  mouth  epithelium  becomes  the  basement  membrane  of  the  inner  enamel 
epithelium .  The  surrounding  mesenchyme,  on  the  other  hand,  envelops  the  tooth 
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germ  and  covers  its  surface.  There  the  original  basal  layer  of  the  stratified 
epithelium  changes  into  the  squamous  outer  enamel  epithelium.  In  this  way, 
a  difference  in  conditions  of  material  supplj’^  is  established  between  the  inner  ena¬ 
mel  epitheliiun  and  the  rest  of  the  tooth  germ. 

The  immediate  influence  of  the  surrounding  vascular  system  upon  the  enamel 
organ  is  indicated  by  the  expansion  of  the  intercellular  spaces  within  the  stellate 
reticulum,  due  to  the  uptake  of  water  by  way  of  the  outer  enamel  epithelium,  the 
limiting  membrane.  The  e\idence  for  this  is  pro\’ided  by  the  niicroincineration 
studies  of  Hampp  (’40).  He  found  e\’idence  not  only  of  more  Ca  and  Mg  ash  in 
the  enamel  organ  than  in  the  oral  epithelium,  but  the  surrounding  connective 
tissue  ceUs  also  appeared  richer  in  ash  than  other  fibroblasts.  This  indicates 
that  the  minerals  stored  within  the  stellate  reticulum  are  taken  in  by  the  enamel 
organ  by  way  of  the  outer  enamel  epithelium.  The  existence  of  a  stratum  inter¬ 
medium  which  does  not  expand  and  of  the  w’ell  known  strand  of  epithelial  cells, 
which  remains  solid  in  the  early  stages  of  mammalian  tooth  germs,  are  further 
e\idences  that  the  swelling  of  the  epithelium  is  due  to  an  infiltration  from  the 
outside.* 

WTiile  the  bulk  of  the  enamel  organ  is  drawing  fluid  and  dissolved  material 
from  the  outside,  the  inner  enamel  epithelium  and  the  stratum  intermedium  are 
still  attached  to  the  primary  source  of  supply.  Prior  to  the  formation  of  dentin, 
the  structural  relation  of  the  inner  enamel  epithelium  and  the  dental  papilla  are 
unchanged.  This  fact  implies  the  maintenance  of  the  original  functional  rela¬ 
tion.  The  high  mitotic  rate  of  embryonic  ameloblasts  and  stratum  inter¬ 
medium  cells  indicates  clearly  their  unchanged  metabolic  situation,  in  contrast 
to  the  cells  of  the  stellate  reticulum  w'hich  are  already  engaged  in  collecting 
specific  material  to  be  used  afterw'ards  by  the  ameloblasts. 

(2)  Beginning  of  amelogenesia. 

The  initiation  of  amelogenesis  is  signalized  by  the  concurrence  of  typical 
changes  in  the  ameloblasts  and  in  their  relationships.  They  are:  (1)  the  polari¬ 
zation  of  the  ameloblasts;  (2)  the  opening  of  a  gap  between  the  inner  enamel 
epithelium  and  the  already  formed  dentin;  (3)  the  demarcation  of  the  enamel 
epithelium  from  the  stratum  intermedium.  Fig.  9  shows  the  3  modifications 
developing  siraultane<jusly  wdthin  an  area  of  transition  between  the  embryonic 
z<me  and  the  zone  of  prcxluction.  The  hematoxylin-stained  granules  are  the 
first  enamel  suljstancej  to  be  laid  dow  n  at  the  surface  of  the  dentin. 

The  polarization  of  the  ameloblasts  manifesting  their  differentiation  into 
secretory  cells  does  not  need  to  l)e  descrilxid  in  detail.  The  migration  of  the 
nuclei  as  far  outside  as  the  space  allows  is  accompanied  by  the  transfer  of  the 
Oolgi  material  from  the  outer  to  the  inner  end  of  the  cell  (Jasswoin  ’24;  Beams 
and  King  '33;  Erausquin  ’39)  and  by  the  accumulation  of  specific  granules  at  the 
cell  base.  Figs.  9  and  11  indicate  that  the  nuclei  are  gradually  moving  to  the 
outer  fxjle. 

*  For  detailed  observations  on  the  stellate  reticulum  see  Santon6  (’35  b).  This  author 
stresses  the  enormous  imbibition  of  water  by  the  epithelium  and  explains  the  presence  of 
the  so-called  enamel  cord  by  a  retarded  imbibition. 
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Although  the  transformation  of  the  pseudostratified  enamel  epithelium  into  a 
tall  columnar  epithelium  has  been  often  recorded,  the  problems  presented  by  this 
change  have  not  even  been  stated.  The  embryonic  ameloblast  is  a  spindle- 
shaped  cell  ^vith  the  nucleus  in  the  middle  portion  between  the  2  filamentous  ends 
which  may  be  equal  in  length  or  more  or  less  unequal  depending  on  the  position 
of  the  nuclei  in  the  epithelium.  Each  ameloblast  extends  throughout  the  width 
of  the  epithelium.  The  transformation  into  a  polarized  cell  leads  to  intracellular 
differentiation  into  a  supranuclear,  nuclear  and  infranuclear  zones  typical  of 
secretory  or  absorbing  cells.  Such  cells  are  functionally  oriented  toward  a 
source  of  supply  which  in  the  case  of  a  secretory  activity  lies  at  the  infranuclear 
or  basal  pole  of  the  cell.  The  conversion  of  the  embryonic  ameloblast  into  this 
type  cell  expresses,  therefore,  the  functional  orientation  toward  the  stellate  reticu¬ 
lum  and  the  periodontal  vascular  system. 

The  statement  made  before  that  the  ameloblast  prior  to  its  transformation  is 
drawing  fluid  and  nutritive  material  exclusively  from  the  pulp  may  be  an  over¬ 
simplification.  The  shape  of  the  embryonic  ameloblast,  differing  as  it  does  from 
the  basal  cell  of  a  stratified  squamous  epithelium,  suggests  some  early  influence 
from  the  stellate  reticulum.  However,  the  cell  is  essentially  indifferent.  The 
polarization  may  be  a  gradual  one,  but  it  indicates  a  complete  reversal  in  the 
supply  of  the  ameloblasts.  After  this  first  turning  point  in  the  history  of  the 
ameloblast  (in  distinction  from  a  second  turning  point  later),  the  cell  is  drawing 
fluid  and  nutritional  as  well  as  specific  materials  exclusively  from  the  outer  side. 
The  stmctural  change  goes  hand  in  hand  with  the  commencement  of  the  specific 
activity  as  can  be  seen  in  fig.  9,  where  the  first  particles  of  enamel  substance  ap¬ 
pear  while  the  nuclei  are  still  in  migration.  There  is  no  better  example  in  histo¬ 
genesis  to  illustrate  the  parallelism  of  structural  and  functional  differentiation. 
The  ameloblasts  also  confirm  the  rule  that  the  specific  activity,  as  long  as  it 
remains  on  a  certain  level,  renders  the  cell  unable  to  divide  (Wassermann  ’29, 
p.  495),  for  mitoses  are  completely  absent  as  soon  as  the  differentiation  starts. 

The  acquisition  of  the  new  organization  by  the  ameloblasts  occurs  at  a  definite 
level  of  the  tooth.  It  has  been  suggested  repeatedly  that  the  differentiation  of 
the  ameloblasts  may  be  stimulated  by  the  so-called  vascularization  of  the  enamel 
organ  (Gulat  ’36;  Green  ’38).  The  ingrowth  of  blood  capillaries  into  the  enamel 
organ  is,  however,  no  regular  feature  of  amelogenesis,  as  it  varies  greatly  among 
different  species  and  different  types  of  teeth  (Jump  ’38).  Our  case  represents 
an  extreme  vascularization  as  the  outer  enamel  epithelium  and  the  stellate  reti¬ 
culum  are  replaced  by  a  vascularized  mesenchyme  at  the  end  of  the  embryonic 
zone.  However,  the  transition  from  the  embryonic  to  the  active  ameloblast 
takes  place  before  the  inner  enamel  epithelium  plus  stratum  intermetlium  con¬ 
tacts  the  capillaries  (fig.  8).  Therefore,  a  better  blixxl  supply  can  hardly  be  the 
cause  of  the  fundamental  change  within  the  luneloblast.  The  studies  of  Ibunpp 
definitely  confirmed  the  idea  that  the  stellate  reticulum  serves  as  a  store  house 
of  materials  necessary  for  amelogenesis.  The  ameloblasts  utilize  these  .sub¬ 
stances  faster  than  they  can  lie  replaced  and  begin  to  draw  them  dirtvtly  from 
the  blood  stream  when  the  stellate  reticulum  bwomt^s  exhauste<.l.  Thus,  the 
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vascularization  of  the  enamel  organ  seems  to  be  rather  the  effect  than  the  cause 
of  amelogenesis.  Increasing  oxygen  requirement  may  play  its  part  in  the  change. 

If  the  turning  of  the  ameloblasts  to  the  outer  source  of  supply  is  not  caused  by 
materials  advanced  by  approaching  blood  vessels,  another  factor  must  be  sought 
which  changes  the  environmental  situation  of  the  ameloblasts  at  the  level  where 
they  begin  to  differentiate.  In  this  respect,  it  is  of  special  interest  to  remember 
that  the  formation  of  daitin  regularly  precedes  the  beginning  of  amelogenesis. 
No  exception  to  this  rule  is  kno\\'n  (Lehner  and  Plenk,  p.  475).  The  remark 
recently  made  by  Saunders,  Nuckolls  and  Frisbie  (’42)  that  occasionally  the 
first  enamel  granules  may  appear  prior  to  the  formation  of  dentin  is  not  substan¬ 
tiated  by  any  available  e\'idence.  The  chronological  relation  of  dentin  formation 
and  initation  of  amelogenesis  suggests  a  direct  causal  relationship.  As  a  matter 
of  fact,  the  acti^’ity  of  the  odontoblasts  alters  the  basement  membrane  which 
supports  the  enamel  epithelium  prior  to  the  appearance  of  the  earliest  dentin. 
Fig.  10  shows  how  the  fibrils  and  the  ground  substance  of  the  dentin  develop 
in  direct  continuity  \\ith  the  basement  membrane.  The  basement  membrane, 
by  its  change  into  a  layer  of  dentin,  ceases  to  be  a  structure  that  serves  the  ex¬ 
change  of  material  between  epithelium  and  connective  tissue.  It  turns,  on  the 
contrary,  into  a  barrier  that  separates  the  ameloblasts  from  the  pulp  and  forces 
the  ameloblasts  to  make  use  of  the  other  available  source  of  supply  at  the  outside, 
viz.  the  stellate  reticulum.  The  materials  taken  in  from  there  initiate  chemical 
processes  which  start  at  the  base  of  the  cell  and  continue  toward  the  opposite 
pole,  thereby  producing  a  metabolic  gradient  which  not  only  maintains  the  up¬ 
take  of  materials  from  the  outside  but  necessitates  an  abundant  influx  of  fluid. 
It  shall  1^  shown  that  the  stratum  intermedium  cells  are  subject  to  the  same 
changing  condition,  but,  on  account  of  their  arrangement,  in  a  somewhat  different 
way. 

The  best  evidence  for  the  causal  relation  of  dentin  formation  and  beginning 
acti\'ity  of  the  ameloblasts  is  derived  from  instances  in  which  enamel  and  dentin 
formation  are  interrupted  at  the  same  level  {fvg.  15).  In  normal  tooth  develop- 
nient,  the  assumed  coordination  is  strongly  suggested  by  the  coincidence  of  the 
first  changes  in  the  enamel  epithelium  with  a  definite  density  of  the  dentin  {fig. 
11).  The  youngest  denthi  shows  a  loose  fibrillar  structure  containing  so  little 
ground  substance  that  it  stains  only  faintly  blue  in  Azan  preparations.  It  takes 
a  dark  blue  color  at  a  definite  distance,  the  diameter  of  15  to  20  odontoblasts, 
from  the  youngest  odoiitoblasts.  At  this  level  (u  in  fig.  11),  the  first  evidence  of 
basal  migration  of  the  nuclei  is  apparent,  and  a  space  appears  between  enamel 
and  dentin.  These  conditioas  strongly  suggest  a  separation  of  the  ameloblasts 
from  the  original  source  (^f  supply  and  an  inflow  from  the  opposite  direction. 

4'his  analysis  is  compatible  with  the  findings  of  Huggias,  McCarroll  and  Dahl- 
l>erg  (’34)  in  then-  studies  on  the  exfjerimental  heterotopic  formation  of  dentin 
and  enamel.  The  soft  tissues  of  the  developing  permanent  canine  tooth  of  young 
dogs  were  transplanted  inte  the  alxlominal  wall  of  the  animals  in  various  combi- 
nati(ais.  (Inly  when  the  (xicjnteblast  pulp  membrane  and  the  embryonic  portion 
of  the  epithelial  layer  were  transplanted  together  so  that  they  stayed  in  contact, 
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were  dentin  and  enamel  formed  in  their  regular  positional  relationship.  Pulp 
tissue  with  odontoblasts,  alone,  produced  a  more  or  less  irregular  dentin.  The 
enamel  epithelium,  without  odontoblasts  or  out  of  contact  with  odontoblasts, 
failed  to  persist  as  prismatic  epithelium  or  to  produce  enamel.  In  the  6  identical 
experiments,  which  resulted  in  “the  preservation  of  the  cylindrical  character  of 
the  ameloblasts  and  the  formation  of  new’  enamel,”  the  latter  was  found  “in 
normal  relationship  to  these  cells  and  the  newly  formed  dentin.”  Huggins, 
McCarroll  and  Dahlberg  came  to  the  conclusion  that  “the  influence  of  mesoder- 
mic  connective  tissue  derivatives  on  the  form  and  function  of  epithelium”  has 
been  demonstrated  by  these  experiments.  I  believe  this  influence  can  be  under¬ 
stood  on  the  ground  of  the  normal  histogenetic  relationship  of  the  enamel 
epithelium  to  odontoblasts  and  dentin.  Prior  to  the  formation  of  dentin,  the 
epithelium  is  attached  to  the  odontoblasts  by  the  above  demonstrated  basement 
membrane.  The  preservation  of  the  character  of  the  epithelium  is  due  to  this 
attachment.  The  polarization  of  the  ameloblasts  occurred  in  the  transplants 
only  when  they  w  ere  in  contact  with  the  dentin.  Their  separation  results  in  the 
degeneration  of  the  epithelium  without  enamel  formation.  These  findings  point 
directly  to  the  dentin  as  the  decisive  factor  in  enamel  formation. 

The  space  which  arises  between  enamel  epithelium  and  dentin  {figs.  8,  9  and 
11)  aX  the  critical  time  is  a  necessary  corollary  of  amelogenesis.  It  remains  open 
throughout  the  period  of  enamel  production  and  disappears  at  its  conclusion  (Jigs. 
S3  and  S4) .  That  is  to  say  w  hen  the  enamel  formation  begins  it  becomes  the  space 
between  epithelium  and  enamel  matrix  (figs.  21  and  23).  Fig.  23  illustrates  this 
situation  as  reported  by  numerous  previous  investigators.  Although  the  split 
is  often  enlarged  by  fixation  and  decalcification,  there  is  no  reason  to  doubt  its 
existence  in  the  li^’ing  tooth.  It  is  found  in  sections  of  both  decalcified  and 
undecalcified  specimens.  What  is  more  important,  by  isolating  the  enamel 
epithelium  from  fresh  teeth,  a  layer  of  vacuoles  is  sometimes  found  adhering  to 
the  secretory  poles  of  the  ameloblasts.  These  vacuoles  can  be  consideretl  as 
the  equivalent  of  the  space  we  are  describing  here  for  reasons  given  l)elow.  The 
phenomenon  is  introduced  as  “space”  between  enamel  epithelium  and  dentin,  or 
enamel  matrix  and  dentin,  in  order  to  direct  attention  to  the  mechanical  factors 
responsible  for  the  receding  of  the  ameloblasts  from  the  tissue  to  w  Inch  they  w  ere 
closely  attached  in  the  embryonic  part  of  the  tooth.  The  situation  presented  in 
fig  9  can  be  explained  best  by  an  emission  of  fluid  at  the  secretory  pole  i»f  the 
ameloblasts  under  a  certain  pressure  and  in  such  an  amount  that  it  cannot  lo 
absorbed  immediately  by  the  enamel  matrix.  Furthermore,  the  opiening  of  the 
space  is  clearly  indicative  of  the  previously  mentioned  reversal  of  tho  flow  of  fluid 
to  the  ameloblasts  at  the  time  they  become  separated  from  the  pulp  by  a  layer 
of  dentin.  It  is  clear  that  the  space  is  not  simply  filled  by  a  fluid  secretion,  but 
contains  a  more  or  less  highly  vattuolated  material  (fig.  21).  The  emission  of 
fluid  is,  therefore,  assocriated  with  a  second  prtM*ess,  that  is  the  piriHluction  at  the 
secretory  pole  of  the  ameloblasts  of  a  material  which  holds  the  fluid  in  its  vacuoles 
see  p.  479). 

Previously,  the  development  of  enamel  has  Initm  descril>ed  mostly  in  static 
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terms  and  without  reference  to  the  processes  which  create  and  maintain  or  change 
the  structures.  The  discussions,  so  far  as  this  particular  space  is  concerned,  were 
mostly  confined  to  consideration  of  structural  details  such  as  the  Tomes’  pro¬ 
cesses  and  the  ameloblastic  membrane,  without  deciding  between  controversial 
interpretations.  The  terminal  bars  (Jig.  21  and  26)  are  the  only  structures  of 
special  interest  in  this  part  of  our  analysis.  In  the  enamel  epithelium,  as  in  any 
other  prismatic  epithelium,  the  material  that  fills  the  intercellular  spaces  at  the 
secretory  poles  of  the  cells  and  appears  as  terminal  bars  in  the  sections  marks  the 
border  or  the  surface  of  the  cells.  This  point  was  neglected  by  Held  (’26)  when 
he  described  the  enamel  formation  as  an  entirely  intracellular  process.  Recently 
Saunders,  Nuckolls  and  Frisbie  arrived  at  a  similar  interpretation,  describing  the 
vacuoles  (fig.  21)  as  intracellular  formations.  These  authors  did  not  overlook 
the  terminal  bars  but  eliminated  them  from  the  discussion  as  artifacts  due  to 
decalcification.  However,  the  presence  at  the  inner  ends  of  the  ameloblasts,  in 
\dvo,  of  a  cementing  substance,  which  in  sections  appears  as  terminal  bars,  can  be 
demonstrated  beyond  doubt  by  a  simple  experiment.  When  isolated  fresh 
enamel  epithelium  is  treated  ^^^th  30%  alcohol,  the  macerating  agent  does  not  at 
first  entirely  separate  the  cells  from  each  other.  The  internal  ends  remain 
attached  and  isolated  groups  of  ameloblasts  are  found  with  the  outer  ends  spread 
while  the  inner  ends  are  kept  together  by  the  cementing  material.  As  far  as 
the  distinction  between  intra-  and  extracellular  structures  at  the  surface  of 
a  cell  is  possible,  the  vacuolated  material  between  enamel  epithelium  and 
matrix  in  fig.  21  is  certainly  extracellular  as  it  lies  beyond  the  terminal  bars. 
It  may  be  added  that  the  vacuoles,  as  shown  in  fig.  21,  are  by  no  means  so 
regularly  arranged  as  to  warrant  the  statement  by  Saunders,  Nuckolls  and  Fris¬ 
bie  that  each  cell  contains  a  single  vacuole  within  the  Tomes’  process.* 

The  opening  of  the  space  between  enamel  epithelium  and  dentin,  which  coin¬ 
cides  with  the  other  signs  of  beginning  activity  of  the  ameloblasts,  is  to  be  ex¬ 
plained  by  a  free  passage  of  fluid  through  the  cell.  This  interpretation  has  been 
shown  to  be  correct  by  the  aid  of  vital  staining. 

Ganzer,  as  early  as  1906,  in  a  remarkable  article  on  physiologic  injections,  re¬ 
ported  a  flow  of  the  staining  material  from  the  ameloblasts  into  the  secreted 
product.  More  recently,  Blotevogel  (’23)  found  the  active  ameloblasts  in  the 
tooth  germ  of  the  mouse  stained  with  trypan  blue  and  the  enamel  matrix  be¬ 
came  infiltrated  by  the  dye. 

A  single  injection,  either  subcutaneously  or  intraperitoneally,  of  10  cc.  of  a 
0.5%  aqueous  solution  of  trypan  blue  into  guinea  pigs  weighing  about  300  grams 

•  Orban,  Sicher  and  Weinmann  (’43)  are  of  the  opinion  that  the  vacuoles  between  the 
Tomes’  processes  are  artifacts  found  only  “in  specimens  not  so  well  fixed.”  It  was  pointed 
out  here  that  the  aspect  of  these  vacuoles  may  vary  depending  on  the  intensity  of  transfer 
of  fluid  through  the  ameloblasts.  Fig.  S2  shows  the  vacuoles  somewhat  enlarged  at  2 
places  in  the  section.  This  is  probably  due  to  fixation.  Hut  between  these  2  places  the 
space  between  epithelium  and  matrix  as  well  as  the  vacuoles  are  of  usual  size,  according  to 
my  experience.  The  most  de|>endable  criterion  whether  or  not  a  structure  is  an  artifact  is 
offered  by  the  observation  of  fresh  tissue  whenever  such  control  is  possible.  In  regard  to 
the  vacuoles  this  test  is  affirmative  as  was  pointed  out  on  page  471. 
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produced,  in  general,  the  same  results  as  obtained  by  the  previous  authors.  A 
general  histologic  survey  of  all  the  injected  animals  makes  it  possible  to  say  that 
the  odontoblasts  and  the  ameloblasts,  together  with  certain  of  the  connective 
tissue  macrophages,  are  the  first  cells  of  the  body  to  store  trypan  blue  in  the  form 
of  fine  granules.  It  is  still  more  important  to  note  that  in  the  continuously  grow¬ 
ing  teeth  the  embryonic  ameloblasts  do  not  take  up  the  dye.  The  capacity  for 
storage  begins  at  the  level  where  evidence  of  secretion  is  first  noted  {jig.  12).  The 
beginning  of  vital  staining  at  the  level  where  all  the  other  signs  indicate  the  turn¬ 
ing  point  in  the  history  of  the  ameloblasts  is  a  direct  demonstration  of  the  inten¬ 
sity  of  absorption,  particularly  of  water,  by  the  ameloblasts.  The  transfer  of 
material  here  is  so  great  that  some  of  the  dye  is  segregated  in  the  cytoplasm,  while 
the  rest  passes  into  the  enamel  matrix.  Considering  the  whole  syndrome  of  signs 
that  indicate  the  turning  of  the  ameloblasts  to  the  outer  source  of  supply,  it  can¬ 
not  be  doubted  that  the  trypan  blue  is  taken  from  the  outside.  The  ameloblasts 
do  not  stain  vitally  as  long  as  they  are  supplied  by  the  pulp  although  the  dye  is 
present  at  their  inner  ends  in  the  odontoblasts  and  even  within  the  basement 
membrane.  Apparently  the  latter  does  not  allow  the  dye  to  diffuse  into  the 
ameloblasts  and  they  do  not  take  up  the  dye  until  their  functional  polarity  is 
established. 

It  is  of  special  interest  that  the  stratum  intermedium  cells  do  not  react  to  vital 
staining  as  do  the  ameloblasts.  They  may  contain  trj'pan  blue  granules  but  al¬ 
though  they  are  able  to  absorb  the  dye,  as  a  rule  they  do  not  store  and  precipitate 
it.  Other  substances,  as  we  shall  see  later,  likewise  are  passed  on  by  the  stratum 
intermedium  cells  to  the  ameloblasts.  Under  certain  conditions  and  regularly  in 
the  beginning  and  at  the  end  of  enamel  production,  the  globular  material  (see  p. 
476),  like  the  dye,  is  retained  ^vithin  the  stratum  cells.  The  findings  of  vital  stain¬ 
ing  in  the  stratum  cells,  therefore,  parallel  the  findings  concerning  the  material 
which  is  usually  passed  on  to  the  ameloblasts  as  soon  as  it  is  prepared  by  the  stra¬ 
tum  intermedium  cells.  Accumulation  of  such  substances  indicates  a  slowing  down 
of  the  flow  of  fluid  toward  the  ameloblasts  as  is  certain  to  occur  at  the  end  of 
amelogenesis  under  normal  circumstances.  A  slight  retardation  in  transferring 
the  material  may  be  enough  to  cause  concentration  and  precipitation  of  trypan 
blue  within  the  stratum  intermedium  cells. 

The  demarcation  between  enamel  epithelium  and  stratum  intermedium  is  no 
less  significant  than  the  other  changes  which  occur  simultaneously  within  the 
area  shown  in^?^  9.  Mummery  (’24,  p.  117)  describes  it  in  these  words:  “Before 
the  commencement  of  calcification  (amelogenesis  in  Mummery’s  terminology) 
many  cells  of  the  stratum  intermedium  are  seen  lying  close  to  and  often  between 
the  distal  ends  of  the  ameloblasts,  but  after  calcification  has  commenced  they  are 
completely  shut  off  from  these  cells  by  a  membrane,  the  outer  ameloblastic 
membrane  of  Williams.”  The  existence  of  this  membrane  has  often  been 
denied  for  2  rea.sons,  so  far  as  I  can  see,  Fimt,  the  base  of  the  enamel  epithelium 
is  not  always  a  sharp  line;  secondly,  the  ameloblasts  and  stratum  intermedium 
cells  are  connected  with  one  another  by  protoplasmic  processes.  On  the  other 
hand,  the  striking  difference  in  their  relation  during  the  periotl  of  production  and 
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during  the  period  of  maturation  cannot  be  neglected  (Jigs.  23  and  24).  Indeed, 
it  is  more  conspicuous  than  the  corresponding  difference  between  embryonic  and 
secretory’  period.  Figs.  26  and  27  show  in  detail  the  separation  of  stratum  inter¬ 
medium  cells  and  ameloblasts  in  the  production  phase  and  their  intimate  asso¬ 
ciation  in  later  phases;  this  is  tme  even  though  the  cell  types  are  connected  by 
protoplasmic  processes  in  both  phases.  There  can  be  no  doubt  that  the  demar¬ 
cation  between  enamel  epithelium  and  stratum  intermedium  is  as  necessary  a 
corollary  of  amelogenesis  as  the  other  structural  characteristics  already  dis¬ 
cussed.  It  indicates  the  establishment  of  an  absorbing  surface  at  the  time  when 
the  ameloblasts  begin  to  draw  material  from  the  outer  side.  Like  any  other 
continuous  protoplasmic  surface  layer  which  performs  membrane  functions,  this 
line  of  demarcation  is  unstable.  It  may  disappear  and  reappear  in  response  to 
changing  conditions.  It  is,  therefore,  not  surprising  that  the  demarcation  is  occa¬ 
sionally  missing  along  a  few  ameloblasts.  The  existence  of  the  membrane  as  a 
physiological,  rather  than  as  an  anatomical,  membrane  cannot  be  denied.  It  is 
part  of  a  continuous  surface  layer  which  covers  not  only  the  outer  ends  of  the 
ameloblasts,  but  also  the  cell  processes  and  continues  into  the  membranes  of  the 
stratum  cells. 

The  absorbing  .surface  at  the  one  hand  and  the  direct  protoplasmic  connection 
with  the  stratum  cells  on  the  other  represent  2  ways  of  supply  for  the  amelo¬ 
blasts  :  one  by  absorption  through  the  outer  ameloblastic  membrane,  another  by 
direct  transfer  of  material  from  the  stratum  intermedium  cells.  Fluids  and  dis¬ 
solved  materials  are  likely  to  be  absorbed  directly  from  the  tissue  fluid  while 
materials  which  may  be  elaborated  by  the  stratum  cells  will  pass  across  the  cell 
bridges.  The  supply  of  the  ameloblasts  by  these  2  ways  makes  them  different 
from  any  other  secreting  cell  and  indicates  the  close  collaboration  of  ameloblasts 
and  stratum  cells. 

(3)  Coincidence  of  interruption  of  dentin  and  enamel  formation. 

The  disturbances  in  the  formation  of  dentin  in  scurvy  come  to  a  climax  with 
the  transformation  of  the  odontoblasts  into  osteoblast-like  cells  the  activity  of 
which,  however,  is  frustrated  by  the  absence  of  ascorbic  acid  from  the  tissues 
(Wolbach  and  Howe  ’26).  When  this  happeas  a  layer  of  more  or  less  defective 
dentin  has  already  been  deposited  in  the  majority  of  cases.  Consequently,  the 
enamel  epithelium  borders  on  a  dentin  which,  though  defective,  still  plays  its 
part  in  amelogenesis  as  a  barrier  between  ameloblasts  and  pulp.  The  situation 
is  quite  different  at  places  where  the  odontoblasts  have  been  missing  from  the 
l)eginning  and  are  replaced  by  non-polarized  cells.  This  results  in  a  complete 
interruption  of  the  formation  of  dentin.  Fig.  16  illustrates  such  an  event. 
Within  a  small  area  no  dentin  was  laid  down  at  the  time  when  the  ameloblasts 
emerged  from  the  embryonic  zone  of  the  tooth.  This  was  not  due  to  a  local  dis¬ 
turbance,  but  to  a  general  aggravation  of  the  disease  at  this  particular  time  since 
the  same  defect  is  found  at  the  same  level  in  all  the  teeth  of  the  jaw.  Above  and 
below  the  defect  the  ordinary  scorbutic  dentin  is  seen.  Within  the  area  only 
a  few  fibrils  and  very  little  ground  substance  have  Ijeen  produced  by  the  irregu¬ 
larly  shaped  mesenchyme  cells.  The  most  striking  fact  presented  here  is  the 
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total  absence  of  enamel  exactly  opposite  the  gap  in  the  dentin.  It  is  evident  that 
the  enamel  epithelium  was  not  put  into  action  but  maintained  its  embryonic 
character.  Within  the  same  area,  where  the  ameloblasts  did  not  become  polar¬ 
ized,  no  space  has  opened  toward  the  layer  of  fibrils  which  sustain  the  epithelium 
like  an  ordinary  basement  membrane.  Furthermore,  there  is  no  demarcation 
between  ameloblasts  and  stratum  intermedium  cells.  In  short,  all  the  changes 
which  are  correlated  with  the  commencement  of  amelogenesis  are  absent.  This 
indicates,  once  more,  that  they  constitute  a  syndrome  which  appears  either  in 
toto  or  not  at  all,  depending  on  the  presence  or  the  absence  of  the  one  casual 
factor  common  to  all  those  changes. 

The  idea  that  both  odontoblasts  and  ameloblasts  had  been  prevented  from 
differentiating  simultaneously  by  an  unknown  factor  can  be  discarded  for  the 
following  reason.  It  is  well  established  that  vitamin  C  deficiency  always  impairs 
the  odontoblasts  and  has  no  direct  effect  on  the  ameloblasts  (Boyle  ’38).  The 
present  work  shows  that  it  does  not  interfere  with  their  differentiation  {fig.  19). 
There  is,  therefore,  no  reason  to  doubt  that  in  the  case  of  fig.  15  the  suppression 
of  dentin  formation  was  the  primary  disturbance  in  tooth  development  and  was 
responsible  for  the  failure  of  the  ameloblasts  to  differentiate.  Thus,  the  total 
absence  of  both  dentin  and  enamel  at  the  same  place  and  at  the  same  time  in  de¬ 
velopment  is  further  evidence  for  the  direct  causal  relationship  between  dentin 
formation  and  initiation  of  amelogenesis,  which  has  been  suggested  by  analysis  of 
the  normal  tooth  development. 

Although  the  presence  of  dentin  opposite  the  enamel  epithelium  appears  to  be 
indispensable  for  activating  the  ameloblasts,  it  is  certain  that  other  local  factors 
beside  the  dentin  are  eciually  important.  This  is  suggested  by  the  localized 
degeneration  of  the  enamel  epithelium  in  the  early  development  of  certain  types 
of  teeth.  Examples  of  this  kind  are  the  rodent  incisors  in  which  the  enamel  is 
missing  at  the  lingual  surface,  or  the  guinea  pig  molars  with  enamel  free  zones  at 
the  lingual  and  buccal  sides  over  areas  where  there  is  a  typical  dentin  formation. 
In  these  instances  the  regressive  changes  seem  to  occur  when  the  enamel  epithe¬ 
lium  is  still  in  the  embryonic  stage  and  before  any  differentiation  has  taken  place. 

THE  BUILDING  UP  OF  THE  ENAMEL  MATRIX 

The  material  which  eventually  turns  into  the  hard  enamel  is  laid  down  in 
definitive  thickness  during  the  period  of  production.  It  has  l)een  called  the  en¬ 
amel  matrix  or  the  preenamel  and  corresponds  to  M.  Mellanby’s  (’29)  first  stage 
of  the  developing  enamel.  It  consists  of  easily  cut,  stainable  material.  The 
surface  of  the  enamel  matrix  opposite  the  ameloblasts  presents  the  so-called 
honey-comb  structure  {fig.  26)  as  long  as  new  material  is  being  deposited.  Other 
evidences  of  the  pattern  of  the  young  enamel  are  renderetl  invisible  by  its  intense 
adsorption  of  stains  {figs.  16  and  2.'i).  When  an  artificial  break  occurs  in  the 
material,  a  fibrous  structure  becomes  visible  at  the  edges  of  the  break.  At  the 
end  of  the  period  of  production,  the  latent  pattern  becomes  visible  at  the  same 
rate  as  the  stainability  decreases  {Jig.  31). 

In  reviewing  the  first  signs  of  amelogenesis  {fig.  9),  2  processes  involved  in  the 
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building  up  of  the  matrix  are  noticed,  namely:  (1)  the  production  of  a  granular 
material  with  the  same  staining  properties  as  the  matrix,  and  (2)  the  elaboration 
of  a  framework  filling  the  space  between  the  ameloblasts  and  the  dentin.  These 
2  processes  and  their  close  correlation  will  be  the  subject  of  the  following  dis¬ 
cussion. 

(1)  The  secretion  of  the  globular  material. 

The  material,  which  in  the  very  beginning  of  amelogenesis  appears  as  fine  gran¬ 
ules  at  the  prospective  dentino-enamel  junction  (fig.  9),  is  also  found  regularly 
within  a  few  cells  of  the  stratum  intermedium  in  the  form  of  larger  droplets  (fig. 
11).  This  indicates  that  the  stratum  cells  participate  in  its  elaboration,  for  the 
droplets  cannot  have  been  moved  from  the  ameloblasts  to  the  stratum  interme¬ 
dium  cells  since  at  this  time  fluid  is  passing  in  the  opposite  direction  as  shown  by 
vital  staining  (see  p.  473).  Material,  which  has  the  same  staining  property,  is 
present  at  the  secretory  pole  of  the  ameloblasts  and  is  incorporated  into  the 
enamal  matrix.  Although  it  is  not  usually  intracellular,  it  is  sometimes  present 
within  both  ameloblasts  and  stratum  intermedium  cells  in  regions  w'hich  are 
producing  normal  enamel.  Occasionally,  ameloblasts  are  found  which  in  the 
supranuclear  part  contain  many  more  globules  than  appear  in  the  ameloblasts  of 
jig.  16.  Whether  or  not  the  material  is  temporarily  deposited  w  ithin  the  cells 
depends  on  the  more  or  less  perfect  equilibrium  of  elaboration  and  emission. 
This  is  made  clear  by  the  regular  appearance  of  the  same  droplets  at  the  end  of 
production  when  the  flow  of  material  through  the  ameloblasts  is  slowing  do\vn  to 
become  finally  arrested  (p.  485). 

The  idea  suggested  by  Welikanowa  (’28),  that  the  stratum  intermedium  cells, 
alone,  are  engaged  in  the  secretion  of  this  part  of  the  enamel  matrix  while  the 
ameloblasts  would  only  transmit  it  to  the  outside,  is  not  supported  by  any  evi¬ 
dence.  On  the  contrary,  in  cases  of  a  disorganized  enamel  epithelium,  sometimes 
found  in  scorbutic  animals,  the  2  kinds  of  cells,  ameloblasts  and  stratum  interme¬ 
dium  cells  alike,  contain  the  secreted  material  in  comparatively  large  amounts, 
although  they  are  no  longer  in  their  proper  anatomic  and  functional  relation. 
Evidently  both  types  of  cells  continue  to  produce  the  substance  w'hen  there  is 
no  longer  a  flow'  of  material  in  one  direction. 

The  conspicuoas  droplets  within  the  ameloblasts  have  been  known  since  the 
early  studies  on  amelogenesis  (Ancel,  1882;  von  Spee  1887)  and  have  been  called 
globular  bodies.  They  are  not  always  spherical,  particularly  not  outside  the 
ameloblasts  w  here  their  irregular  shape  suggests  a  viscous  material  (Jig.  17).  Ac¬ 
cording  to  Chase  (’27,  ’29,  ’35)  and  to  Saunders,  Nuckolls  and  Frlsbie  (’40), 
the  globular  bodies  take  the  same  stains  as  keratin.  Although  a  keratin  w'as  the 
only  protein  found  in  the  hard  enamel  by  Rosebury  (’35),  the  globular  bodies 
and  the  enamel  matrix  may  well  contain  other  proteins  beside  a  keratin,  as  most 
of  the  organic  substances  are  eliminated  when  the  enamel  matrix  is  transformed 
into  hard  enamel.  As  long  as  w'e  do  not  know  more  about  the  chemical  composi¬ 
tion  of  the  material  in  question,  the  indifferent  terms,  globular  bodies  and  globular 
material,  should  not  be  replaced  by  specific  terms  such  as  hyalin  or  eleidin 
globules  suggested  by  Saunders,  Nuckolls  and  Frisbie. 


ANALYSIS  OF  ENAMEL  FORMATION 


477 


The  hydrodynamic  factor  in  the  secretory  function  has  been  demonstrated  in 
the  ameloblasts  during  the  enamel  production  by  vital  staining  (p.  473) .  That  the 
globular  material  is  eliminated  by  the  cells  under  some  pressure  becomes  particu¬ 
larly  evident  in  the  beginning  of  amelogenesis  when  the  first  particles  are  laid 
down  within  the  dentin  rather  than  upon  it  (fig.  9).  In  scorbutic  teeth,  the  glob¬ 
ular  material  may  be  found  within  the  dentin  and  even  among  the  odontoblasts 
(fig.  18).  Tliis  is,  of  course,  due  to  the  abnormal  consistency  of  the  dentin,  but 
is,  nevertheless,  again  indicative  of  a  considerable  hydrodynamic  pressure  by 
which  the  globular  material  is  swept  on. 

(2)  Production  of  the  ground  substance. 

Following  the  point  of  view  already  established,  that  the  secretion  of  globular 
material  is  but  one  part  of  the  process,  we  propose  to  demonstrate  the  production 
of  globular  material  in  the  absence  of  the  framework  into  which  it  is  incorporated 
under  normal  conditions.  This  departure  from  the  normal  development  occurs 
not  infrequently  when  growth  and  eruption  of  continuously  growing  teeth  are 
disturbed.  Particularly  in  scorbutic  animals,  the  mitotic  and  the  mesenchymal 
growth  centers  of  the  teeth  (see  p.  466)  may  become  functionally  disrupted.  The 
enamel  epithelium,  which  is  still  growing  but  is  prevented  from  moving  up  in  the 
regular  way,  becomes  folded  (fig.  18).  The  secretion  of  globular  material  goes  on 
but  the  product  accumulates  within  the  fold  where  the  framework  between 
and  surface  of  the  enamel  matrix  was  mechanically  destroyed.  The  additionally 
secreted  masses  of  globular  material  are  often  rounded  up,  sometimes  flattened 
toward  the  surface  of  the  matrix,  and  differ  from  the  .enamel  matrix  in  their 
homogeneity.  In  other  words,  secretion  of  globular  material,  without  subsequent 
incorporation  into  a  framework,  does  not  lead  to  the  formation  of  enamel.  No 
attention  has  been  given  hitherto  to  the  distinction  between  the  formation  of  the 
enamel  matrix  as  a  complex  process  and  the  production  of  globular  material 
alone.  Otherwise  the  latter  would  not  have  been  mistaken  for  a  hypertrophy 
of  the  enamel  by  Diamond  and  Weinmann  (’40),  for  instance,  in  their  description 
of  this  same  phenomenon  in  human  tooth  germs  (their  figs.  42-46).  Since  no 
additional  enamel  matrix  is  built  up  in  these  cases,  the  term  hypertrophy  is  out 
of  place  and  misleading  for  the  nature  of  the  disturbance  is  hypersecretion  of 
globular  material  without  the  formation  of  enamel  matrix. 

A  disturbance  in  tooth  development,  which  is  in  sharp  contrast  to  the  hyper¬ 
secretion  of  globular  material,  is  presented  in  figs.  19  and  20.  The  conspicuous 
defect  in  this  case,  the  only  one  of  its  kind  in  my  material,  is  due  to  the  absence 
of  globular  material  from  the  ground  substance.  It  may  be  called  a  formation 
of  the  ground  substance  without  incorporation  of  globular  material.  The  enamel 
formation  is  by  no  means  completely  interrupted  as  in  the  case  of  fig.  15.  The 
formation  of  the  dentin  is  not  seriously  disturbed  and  the  enamel  epithelium  is  in 
the  proper  state  of  differentiation.  The  space  between  dentin  and  epithelium 
is  also  open  but  is  not  empty.  Under  high  magnification  (fig.  20)  its  structure 
becomes  apparent.  Close  to  the  ameloblasts  there  are  the  same  processes  as  can 
be  seen  in  normal  material  as  Tomes’  processes  (fig.  21).  They  are  separated 
from  each  other  by  the  vacuoles  described  above.  The  Tomes’  processes  in 
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fig.  20  continue  into  a  layer  of  fibrous  substance  which  is  well  delineated  from 
the  dentin.  The  borderline  between  this  layer  and  the  dentin  continues  into  the 
dentino-enamel  junction  at  either  side  of  the  defective  area.  Most  of  the  globules 
are  retained  within  the  ameloblasts  or  at  their  surface  but  at  the  right  side  of  the 
photograph  a  few  globules  appear  in  their  proper  place.  The  explanation  of  this 
situation  is  simple  and  can  be  giv'en  without  restriction.  The  framework  normal¬ 
ly  covered  by  the  globular  substance,  or  in  other  words  the  structural  part  of  the 
enamel  matrix,  was  formed  but  remained  empty  as  the  globular  material  did  not 
enter  it.  Again  there  Is  no  enamel  matrix  built  up. 

In  this  case,  the  framework  of  the  enamel  matrix  is  certainly  not  the  same  as  in 
the  normal  when  it  is  impregnated  \\ith  the  globular  material.  It  will  contain 
less  water,  since  the  passage  of  fluid  through  the  ameloblasts  was  evidently  too 
slow  to  carry  the  globules  to  the  surface,  and  accordingly  the  framework  covers 
less  space  than  under  normal  circumstances.  Otherwise,  the  ground  substance 
^nthout  globular  material  Is  not  likely  to  be  fundamentally  different  from  that 
enclosed  in  the  normal  enamel  matrix.  The  phenomenon  shown  \nfigs.  19  and 
20  Is  important  since  it  offers  the  unique  opportunity  of  studying  the  pattern  of 
the  ground  substance  which  normally  Is  obliterated  by  the  globular  material. 
The  follov.'ing  remarks  on  the  structure  of  the  enamel  matrix  are  based  not  only 
on  the  one  illastrated  but  on  the  findings  at  corresponding  levels  in  all  the  teeth 
of  this  jaw. 

Under  normal  circumstances  only  the  parts  of  the  Tomes’  proces.ses  next  to  the 
ameloblasts  can  l>e  seen*  (fig.  21).  These  parts  can  readily  be  identified  in  fig.  20. 
According  to  the  generally  accepted  idea,  the  Tomes’  processes  are  supposed  to 
continue  as  cylindrical  units  of  the  enamel  matrix  to  the  dentino-enamel  junction. 
Fig.  20  shows  a  quite  different  situation.  The  prf)cesses  are  spreading  into  the 
fan-shaped  areas  of  the  ground  substance.  These  areas,  in  the  section,  corres¬ 
pond  to  conical  parts  which  are,  however,  not  sharply  outlined  and  appear  to 
overlap  each  other  or  to  fuse  with  one  another.  The  sul>stance  presents  a 
fibril! ous  texture  and  it  attached  to  the  dentin  in  a  minutely  serrated  juncture. 
It  is  of  great  interest  that  the  same  spreading  of  the  Tomes’  processes  into  the 
forming  enamel  of  the  kangaroo  was  described  by  Mummery  (’24).  This  author 
said  in  the  legend  to  his  figs.  84  and  85  (tooth  development  of  Macropus)  in  his 
textbcx>k:  “that  at  the  honeycomb  region  the  fibers  of  the  Tomes’  proces.ses 
spread  out  in  a  fan  shape  from  neighlxjring  processes  crossing  one  another  and 
intermingling  to  be  again  drawn  together  to  form  the  columns  of  the  prismatic 
substance  of  the  enamel.”  Mummery’s  and  my  own  findings  are  identical  but 
for  his  statement  that  the  “fibers”  are  again  drawn  together.  However,  no 
evidence  for  this  was  given  by  Mummery.  Although,  in  this  way  he  attempted 
to  reconcile  his  findings  with  the  classic  concept  that  the  enamel  prisms  are  from 
the  Ix^inning  of  enamel  formation  represented  by  structural  units  of  the  matrix, 
he  contradicte<l  this  idea  when  he  declared,  “that  the  ultimate  bundles  of  fibers 
which  form  the  basis  of  the  enamel  prisms  do  not  appear  to  I)e  the  direct  prolonga¬ 
tions  of  one  particular  ameloblast  but  are  contributed  taby  those  in  contact  with¬ 
in  it  on  either  side.”  The  problem  of  the  relatioaship  Ixitween  the  primary  struc- 
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ture  of  flip  matrix  and  the  dptinitc  structure  of  tlie  enamel  has  to  l)e  left  to  further 
investigation  since  our  ])resent  knowUMl^e  is  not  sufficient  to  justify  a  statement 
such  as  that  (|Uote(l  from  Mummery.  4'he  only  conclusion  which  is  strongly 
suggest(‘<l  by  both  Mummery’s  and  my  own  findings  is  that  the  ultimate  units 
of  the  enamel  that  are  the  prisms  “do  not  appear  to  be  the  direct  prolongations 
of  one  particular  ameloblast.” 

.\  further  approach  to  tin*  problem  of  tin*  primary  structure  of  the  enamel 
matrix  can  Ik*  made  from  the  histogenetic  angle.  'I'he  material,  which  in  the 
beginning  of  amelogenesis  app(*ars  within  the  space  betwivn  enamel  epithelium 
and  dentin  {Jitj.  22),  is  the  first  deposit  of  the  ground  substarnn*.  It  develops 
directly  into  tin*  matrix  and  is  infiltered  slowly  by  the  globular  mat(*rial.  The 
scarcity  of  the  latter  in  the  beginning  makes  the  situation  similar  to  that  t»f  the 
pathologic  case  de.scribed  in  p.  478.  There  is  no  reason  why  the  fundamental 
structure  should  not  be  recognizabh*  at  this  early  stage  of  development.  How¬ 
ever,  the  difficulty  of  inteipreting  the  irinute  structures  within  the  ground 
.substanci*  {fuj.  22)  is  increa-sinl  by  their  f»*(*ble  staining.  In  addition,  the  details 
of  the  early  ground  substance  vary  considerably,  <lependingon  the  \  ariabh*  etTt'<*t 
of  fixation.  It  is,  therefore,  not  surprising  that  Prenant's  (11)24)  ch'seription  of 
these  structures  is  in  many  details  at  variance  with  th:it  of  Studnicka  (11)17). 
.Vlthough  the  finest  structural  details  cannot  be  made  out  with  certainty  at  the 
early  stage*  of  enamel  formation,  the  (*xamination  of  the  material  .stvn  In'tween 
enamel  epith(*lium  and  dentin  wxjUj.  22  can  In*  very  tH*lpful  if  it  is  correlate*il  with 
the*  findings  on  the  ground  substance*  in  the  absence  «»f  gh»bular  m.aterial  (fig.  2'>). 
In  other  words,  the  essential  epiestion  is  w  h(*ther  e»r  not  tlu*t*arly  groiuul  sulistance. 
as  long  as  it  has  little*  ine‘(»rporate*d  globular  material.  re*ve*als  the  .same  charac- 
t(*ristie*s  as  pre*.se*nte*d  by  the*  ground  substance*  witheait  gledmlar  material  In 
fig.  22,  whe*re*  the*  terminal  bars  are*  alre*ady  pre*se*nt.  the*  Te  n  e*s’  pr(H*e*sse*s  which 
are  more*  or  le*ss  distine-tly  re*late*<l  te»  a  partie*ular  e*e*ll  can  be  re'ceegnizenl.  The* 
vacuole*s  .s(*e*n  tK*twe*e*n  the*m  are*  ide*ntie*al  with  the*  vae-uole*s  in  ,%•*.•.  2/  and 
Toward  the*de*ntin,  the*  substane-e*  w  hie*h  surretunds  the*  \  ae-ue»le*s  anel  is  eamtinuous 
with  the*  're)me*s’  |)r;>ce*s.se*.s  fuse*s  into  a  laye*r  that  cove*rs  the*  surfaea*  e>f  the*  elentin. 
It  must  be*  admitte*d  that  the*  pie*ture*  is  not  e*a.sy  to  unelerstanel  at  alt  place*s. 
insofar  as  it  is  s<ime*time*s  unce*rtain  whe*the*r  a  particular  vacue>le  tie*s  within 
the*  're>me*.s’  preH'e*ss  e>r  be*twe*e‘n  2  ne*ighbe>ring  proe*e*sse*s.  In  many  instance's. 
howe*ve*r,  the*  situatiein  is  the*  same*  as  it  appe*ars  late*r  whe*n  the*  vacueelizatiem  has 
be'e-eeine*  stabilize*el  (fig.  22  e»r  2i!)  anel  the*  vae‘Ueile*s  e*an  U*  se*e*n  cle*arly  lH*twea*n  the* 
pre)e‘e*s.se*s.  'The*  fusing  e>f  t he*  supra\ jie-ueelar  parts  e>f  the*  gretimel  sul*stance  te>warel 
the*  ele*n(in  is  the*  same*  phe*ne)me*nein  whie*h  e*e»ulel  be*  ele*se*riU*el  as  the*  spivading  e>f 
the*  pieM*e*.sse*s  intee  fan  shape*el  are*a.s  in  the*  gretimel  substaime*  withetut  gletbular 
mate*riat,  fetr  he*re*  the*  'Tetnms'  pre)e’e*.sse*.s  are*  metre*  elistinct  anel  the*  fibrilletus  struc¬ 
ture*  is  e*le*ar.  'Thus,  t he*  e*\aminat ietn  etf  the*  e*arty  gretimel  sulKstance  cetrretbetrate*.s 
the*  state‘me>nt  that  the* 'Tetme*s’  pretce*.s.se>s  elet  nett  t'xist  as  se*parate*  units  thretughetut 
the*  gretimel  substane*e*  eir  the*  matrix,  re*.spe*e*tive*ly. 

\n  fig.  22  freini  the*  right  tei  the*  lt*ft  siele*  the*  gretimel  sultstaime  is  alrt*aely  gietwing 
prietr  tet  the*  inliltratiein  by  the*  gletbular  material  etf  whie*h  etnly  a  few  granules  are 


480 


F.  W  A6SERMAXX 


(lepositetl  at  the  pra'^pective  dentino-enamel  junction.  There  cannot  be  any 
doubt  that  the  ground  sub-stance  will  continue  to  grow  further  in  the  .‘;ame  way  by 
a  continuous  formation  of  the  Tomes’  processes  at  the  inner  ends  of  the  amelo- 
blasts  while  the  older  parts  of  the  processes  are  incorporated  into  the  ground 
substance.  The  continual  emission  of  fluid,  which  is  slowly  alworbed  by  the 
enamel  matrix,  maintains  the  vacuoles  which  however,  may  vary  in  size  depend¬ 
ing  on  the  intensity  of  this  particular  phase  of  enamel  pnKluction.  'I’he 
schematic  drawings  (»f  Jiq.  illustrate  the  growth  of  the  ground  substance  as 


Fig.  4  Diiigram  t«»  illustrate  growl li  of  ground  suhstance  (gr)  of  enaiuel  matrix. 
gnjund  substanee  at  an  early  stage  as  in  fig.  22,  H,  at  a  I.Ht«‘r  stage  as  in  fig.  2().  d.,  dentin; 

vac.,  vacuoles;  a.,  aineloblasts. 

sugg(*st<*d  by  iht^e  findings.  A,  shows  the  framewtirk  of  the  enjum*l  matrix  at  an 
earlier  and  H,  at  a  later  .stage  of  development  tts  it  would  appear  if  the  globular 
material  could  be  removtni.  'rids  stresses  the  fact  that,  beside  the  .secretory 
activity  of  the  ameloblasts,  a  spcndfic  process  of  growth  is  involvtsl  in  the  forma¬ 
tion  of  the  enamel  matrix.  The  primary  pattern  of  the  ground  substance  as 
suggesterl  in  jig.  Ji  is  changtHi  at  an  early  time  wheji,  bep^nning  sit  the  dentino- 
enamel  junction,  the  formation  of  the  prisms  commenc(*s  while  at  the  opposite 
side  the  matrix  continu(?s  to  grow.  .\s  the  formation  of  the  prisms  was  not  in- 
cludwJ  in  this  study, 4  'vas  left  incomplete  regarding  this  point.  Mummery’s 


ANALYSIS  OF  ENAMEL  FORMATION 


481 


suggestion  that  the  fibers  from  neighboring  processes  are  again  dra^Mi  together 
to  form  the  prismatic  substance  of  the  enamel  in  kangaroos  is  not  supported  by 
present  knowledge  from  other  species.  The  relation  between  the  primary  struc¬ 
ture  of  the  enamel  matrix  and  the  definitive  structure  of  the  enamel  is  still  the 
most  difficult  problem  in  amelogenesis. 

The  finding  that  the  supravacuolar  part  of  the  ground  substance  in  fig.  22 
covers  the  dentin  as  a  continuous  layer  was  anticipated  by  Studnidka  (’17).  The 
fusing  of  fibrils  arising  from  the  Tomes’  processes,  as  he  described  the 
phenomenon,  convinced  Studni6ka  of  the  existence  of  a  membrane  identical  with 
Huxley’s  “membrana  preformativa  substantiae  adamantinae”.  He  declared 
that  enamel  formation  begins  from  this  membrane  and  not  from  the  bodies  of  the 
ameloblasts.  The  statement  that  enamel  formation  “begins”  with  the  infiltra¬ 
tion  of  the  membrana  formativa  by  the  stainable  material  is  not  compatible  with 
the  results  of  the  present  analysis  since  it  is  now  known  that  the  formation  of  the 
ground  substance  to  which  such  a  membrane  belongs  is  no  less  a  part  of  the 
enamel  formation  than  the  secretion  and  emission  of  the  globular  material. 
Studnicka’s  opinion  is  however  correct,  insofar  as  the  first  enamel  granules 
are  deposited  in  the  part  of  the  ground  substance  that  covers  the  dentin. 
Whether  or  not  this  layer  of  feebly  stained  material  is  continuous  and,  therefore, 
a  membrane  cannot  be  decided  by  studying  sections  which  show  the  membrane 
in  profile.  Tangential  sections,  where  the  dentino-enamel  surface  can  be  brought 
into  focus  from  above,  offer  a  better  opportunity  at  the  time  when  enough  stain- 
able  material  has  been  laid  down  to  make  the  dentino-enamel  plane  visible  {fig. 
25).  Under  these  conditions  a  network  of  globular  material,  not  a  continuous 
layer,  is  found.  This  suggests  a  corresponding  attachment  of  the  ground  sub¬ 
stance  to  the  dentin  in  the  pattern  of  a  network  rather  than  as  a  continuous 
membrane.  The  pattern  in  which  the  globular  material  is  laid  down  upon  the 
dentin  has  not  yet  been  given  the  attention  it  deserves.  The  arrangement  of  the 
first  enamel  granules  in  clusters  may  well  be  the  first  step  in  the  formation  of  the 
prisms. 

What  kind  of  cellular  process  the  formation  of  the  ground  substance  is  remains 
a  question.  There  is  no  doubt  that  the  ground  substance  is  a  product  of  the 
ameloblasts.  However,  it  is  not  produced  by  secretion,  like  the  globular  ma¬ 
terial.  No  signs  of  secretion,  such  as  granules  or  the  expulsion  of  material,  which 
might  be  related  to  the  formation  of  the  ground  substance  can  be  found.  The 
pr(xiuct  itself  is  a  material  of  a  characteristic  structure  and  remains  connected 
with  the  cells  until  the  last  of  it  has  been  produced.  This  suggests  that  the 
formation  of  the  enamel  ground  substance  is  due  to  the  same  kind  of  productive 
cellular  activity  that  is  responsible  for  the  elaboration  of  ground  substances  in 
general,  e.g.,  by  chondroblasts  or  osteoblasts,  or  of  cuticles  at  the  surface  of 
epithelia.  According  to  the  general  point  of  view  held  by  Studnidka  (’29), 
W:issermann  (’29,  p.  612),  Jasswoin  (’31)  and  others,  cell  products  of  this  kind 
result  from  the  transformation  of  the  outer  part  of  the  cell  body  into  a  material 
^^hich  is  at  first  continuous  with  the  cytoplasm  but  becomes  more  or  less  inde¬ 
pendent  from  the  cell.  To  look  upon  the  formation  of  the  ground  substance  from 
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this  general  point  of  view  does  not  mean  an  unqualified  subscription  either  to  the 
idea  that  the  enamel  is  simpiy  a  kind  of  epithelial  cuticle  or  to  the  so-called  trans¬ 
formation  theory. 

The  enamel  as  a  whole  is  the  product  of  both  secretion  of  globular  material  and 
formation  of  a  ground  substance,  but  only  the  latter  corresponds  to  an  epithelial 
cuticle.  The  objection,  for  example  by  Held  (’26),  that  a  cuticle  cannot  be  pro¬ 
duced  at  the  base  of  an  epithelial  cell  shows  only  how  completely  the  inversion  of 
polarity  of  the  ameloblasts  at  the  b^inning  of  amelogenesis  has  been  neglected. 
When  the  ameloblasts  turn  to  the  outer  source  of  supply,  as  has  been  described 
in  this  paper,  the  former  base  of  the  cell  changes  into  a  free  surface  which  as  such 
is  the  site  of  both  secretion  and  formation  of  a  cuticle-like  material. 

The  transformation  theory  interprets  the  formation  of  the  enamel  matrix  as  a 
direct  transformation  of  the  ameloblasts  into  the  enamel  rods  until  at  the  end  of 
enamel  production  a  reduced  cell  remains.  The  term  hyalinization  used  in  con¬ 
nection  ^\'ith  the  transformation  by  Saunders,  Nuckolls  and  Frisbie  indicates 
that  the  cytoplasm  of  the  ameloblasts  is  supposed  to  change  into  a  homogeneous 
material  of  structureless  protein  substances.  These  authors  who  are  the  most 
recent  to  revive  the  transformation  theory  illustrate  their  concept  of  amelogenesis 
by  a  schematic  drawing  which  shows  the  ameloblasts  decreasing  in  height  at  the 
same  measure  as  the  enamel  rods  are  growing  in  length.  In  this  form,  the  theory 
is  not  compatible  vdth  the  findings  reported  in  this  paper.  The  elaboration  of  a 
ground  substance,  which  is  one  part  of  the  enamel  formation,  is  by  no  means 
a  using  up  and  shrinking  of  the  cytoplasm.  It  is  a  process  of  production,  that  is 
of  cellular  activity,  accompanied,  as  a  rule,  by  compensatory  growth  of  the  living 
matter  which  keeps  the  structure  and  function  of  the  cell  more  or  less  completely 
intact.  That  this  is  true  of  the  ameloblasts  is  shown  by  the  camera  lucida  draw¬ 
ing  of  the  entire  length  of  a  random  sample  of  the  enamel  epithelium  illustrating 
the  stages  from  early  activity  to  the  period  of  maturation  (Jig.  5).  Throughout 
the  production  of  the  enamel  matrix,  there  is  no  decrease  in  the  height  of  the 
ameloblasts.^  The  reduction  of  the  cells  occurs  at  the  end  of  this  period  when  all 
the  enamel  matrix  has  been  formed.  Thus,  the  reduction  of  the  ameloblasts  has 
nothing  to  do  with  a  tranformation  as  suggested  by  the  theory.  Indeed  no  such 
transformation  occurs.  When  a  slight  decrease  of  the  ameloblasts  is  found 
during  the  production  period,  as  often  happens,  it  is  far  from  being  proportional 
to  the  mass  of  enamel  produced.  Finally,  the  most  important  argument  against 
the  transformation  theory  is  the  fact  derived  from  findings  of  Chase  and  of  the 
present  author  that  the  ameloblasts,  after  their  productive  activity,  though 
reduced  in  size  are  still  exerting  an  indispensable  function  in  the  process  of  matura¬ 
tion  of  the  enamel  matrix  (see  p.  488). 

Of  the  recent  studies  on  amelogenesis  which  took  the  formation  of  the  enamel 
matrix  into  special  consideration,  StudniCka’s  work  came  closest  to  the  results 
presented  in  this  paper.  Studni£ka  had  distinguished  clearly  between  secre¬ 
tion  and  formation  of  an  exoplasmic  ground  substance  as  the  2  main  pro- 

*  The  Bame  statement  has  been  made  recently  in  Orban’s  textbook  on  oral  histology  and 
embryology  (’44,  p.  87  and  91). 


Fiy.  5.  Ciiiiu'rit  luciilii  ilrawiiiK  of  niaiiu*!  opit  holiuiii  from  Itt'KioiiiiiK  of  artivity  t»f 
amololtlasts  to  |>i*i'io(l  of  inaturati«>ii  of  oiiamol  to  sliow  titat  aiiu'loMasts  do  itot  decrt'ase  in 
luMK>>t  until  all  (‘nanud  matrix  has  laam  formnd.  I{t>dm'ti«>n  of  tall  anudohlasts  marks  end 
of  produet  ion  ami  lt(‘KinninK  of  maturation  of  enannd  matrix,  en  ep.,  enamel  epithelium; 
st  int.,  stratum  intermedium;  »i.,  dentin.  Drawn  with  Zeiss  ap»)ehr.  .V.\,  oe.  lOX  at  table 
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cesses  involved.  Weidenreich,  in  his  paper  on  tlie  enamel  and  its  relation  to 
the  dentin  thought  it  most  probable  that  the  organic  “(Irundmasse”  is 
the  product  of  a  secretion  by  the  ameloblasts.  Jasswoin  (’31)  agreed  in  general 
with  Studnicka  and  me  as  to  the  nature  of  ground  substances.  However,  in  his 
work  on  amelogenesis  (’24)  he  consideretl  only  the  interprismatic  substance  of  the 
enamel  as  a  ground  substance.  To  indicate  that  considerable  differences  exist 
l>etween  Jasswoin’s  description  of  the  enamel  formation  and  the  results  of  the 
present  work,  it  may  suffice  to  quote  Jasswoin’s  statement  that  the  granules  pro¬ 
duced  by  the  ameloblasts  “move  along  the  Tomes’  proces.ses  and  appear  to  over¬ 
flow  the  latter,  fusing  into  a  uniform  mass.” 

THE  END  OF  PRODUCTION  .\XD  THE  MATUR.\TIOX  OF  THE  ENAMEL  .MATRIX 

The  period  of  production  comes  to  an  end  when  the  enamel  matrix  has  attained 
the  definitive  thickness  of  the  hard  enamel.  However,  this  is  no  absolute  meas¬ 
ure  as  the  enamel  tapers  off  toward  the  enamel  free  areas  of  the  tooth.  From  the 
causal  point  of  view,  it  .seems  to  be  more  important  that  the  pnKluction  .should 
stop  at  the  .same  level  throughout  the  tooth  and,  moreover,  at  the  same  level 
in  all  teeth  of  normal  growth.  This  points  to  a  change  in  the  environmental 
<-ondition.s  of  the  ameloblasts  as  the  causal  factor  for  the  termination  of  enamel 
prmiuction.  The  opposite  suggestion  of  a  limited  life  span  inherent  to  the  amelo¬ 
blasts  (Stein  ’34),  although  widely  accepted,  can  be  discarded.  When  the  enamel 
epithelium  l>ecomes  folded  up  in  coasequence  of  a  disturbance  of  growth  and 
eruption  (.%.  18),  much  more  enamel  material  may  be  producecl  over  a  longer 
jx'riod  than  the  same  ameloblasts  would  have  produced  under  normal  circum¬ 
stances.  Furthermore,  it  will  be  shown  that  the  ameloblasts  are  by  no  means 
degenerating  cells  at  the  end  of  the  production  phase,  but  remain  active  and  in¬ 
strumental  in  the  maturation  of  the  enamel  matrix. 

(1)  Chan<fes  in  the  transitional  period. 

Longitudinal  sections  through  continuously  growing  teeth  present  the  changes 
ac-companying  the  clo.se  of  pnKluction  and  the  lieginning  of  maturation  as  a  .series 
of  regn*ssive  followed  by  progr(‘ssive  changes.  The  regressive  changes  are  seen 
in  the  dlsapfK'arance  of  the  status  held  during  production,  the  progre.ssive  changes 
in  the  rc'establLshment  of  a  columnar  epithelium. 

Fiy-i.  23  and  24  show  many  of  the  nuclei  of  the  ameloblasts  releaswl  from  their 
attachment  to  the  base  of  the  cell.  With  this  depolarization  in  progress,  the 
celhi  iKK'ome  shorter  and  the  gap  toward  the  matrix  disappears.  The  breaking 
d<jwn  of  the  line  of  demarcation  toward  the  stratum  intermedium  cells  follows 
.s<K>n  afterwards.  I'he  regressive  changes  are  transitory  ones  and  pass  into  a 
re<jrganization  <if  the  enamel  epithelium  in  which  it  ap|)ear.s  as  a  regular  columnar 
epithelium  c<irLsi.sting  of  shorter  cells  with  the  nuclei  again  basal. 

The  zone  of  transition  with  the  temjKirary  loss  of  cell  polarity  may  Ik‘  more  or 
less  rnarkwi.  The  more  rapidly  the  epithelium  lo.se.s  its  tali  prismatic  form,  the 
more  conspicuous  the  alteration  l>ecomes.  When  the  epithelium  is  slowly  re¬ 
ducing  in  height,  the  dep<ilarization  may  escapt^  the  observer.  It  is,  therefore, 
not  surprising  that  this  phase  in  the  history  of  the  ameloblasts  has  l)een  over- 
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looked  by  all  previous  investigators  except  Carter  (’18).  His  work  on  the  cyto- 
morphosis  of  the  marsupial  enamel  organ  gives  a  most  elaborate  description  of  the 
ameloblasts  throughout  tooth  development.  He  divided  the  life  cycle  of  the 
ameloblasts  into  14  stages  of  which  stage  6  is  undoubtedly  regressive  in  character 
and  the  2  following  stages,  in  which  the  cells  return  to  a  definite  columnar  form, 
are  progressive.  The  temporary  disorganization  and  the  consecutive  restoration 
of  the  columnar  epithelium  in  Carter’s  material  seem  to  correspond  to  the  regres¬ 
sive  and  the  progressive  changes  found  in  the  teeth  of  the  guinea  pig.  To  compare 
these  findings  more  accurately  with  Carter’s  observations  is,  however,  not  pos¬ 
sible  as  the  author  failed  to  correlate  his  stages  of  the  ameloblasts  to  the  different 
phases  of  enamel  development. 

Since  the  regressive  changes  neutralize  the  structural  characteristics  acquired 
by  the  enamel  epithelium  at  the  beginning  of  amelogenesis,  it  is  a  fair  conclusion 
that  the  factors  which  brought  about  these  characteristics  cease  to  act  at  the  end 
of  the  period  of  production.  In  other  words,  the  ameloblasts  are  no  longer  ori¬ 
ented  toward  the  source  of  supply  they  began  to  utilize  when  they  were  isolated 
from  the  pulp  by  the  dentin.  Accordingly,  the  demarcation  of  the  enamel 
epithelium  from  the  stratum  intermedium,  the  polarity  of  the  cells  and  the  space 
toward  the  enamel  matrix  are  no  longer  maintained.  In  almost  every  case  glob¬ 
ular  material  accumulates  in  both  the  ameloblasts  and  the  stratum  intermedium 
cells  {figs.  23,  2U,  and  32).  This  indicates  clearly  that  the  flow  of  fluid  into  the 
cells  from  the  outside  has  been  stopped.  It  also  shows  that  the  end  of  production 
cannot  be  due  to  a  waning  activity  of  the  cells  which  continue  ^\•ith  secretion 
when  the  transfer  of  the  secreted  material  is  no  longer  possible.  Soon  afterward 
the  elaboration  of  globular  material  comes  to  an  end  as  no  more  specific  sub¬ 
stances  are  taken  in. 

It  was  stated  above  that  the  end  of  enamel  production  seemed  to  be  due  to  a 
change  in  the  environmental  conditions  of  the  ameloblasts.  The  question  of  the 
causes  can  now  be  formulated  by  inquiring  into  the  factors  which  may  stop  the 
flow  of  fluid  into  the  cells.  It  may  be  that  the  enamel  matrix,  after  a  certain 
period,  through  changes  which  initiate  maturation,  loses  the  hydrophilic  property 
on  which  the  current  from  the  base  to  the  secretory  pole  depends.  This  hypoth¬ 
esis  can  be  tested  only  by  a  physico-chemical  investigation  of  the  maturation 
process,  not  by  histological  methods.  Nevertheless,  its  presentation  here  seems 
justified  as  a  possible  clue  toward  the  understanding  of  the  striking  regularity  in 
the  limitation  of  enamel  production. 

The  reduction  of  the  ameloblasts  at  the  end  of  production  cannot  be  due  to  a 
direct  tranformation  of  the  cell  into  enamel  rods  as  has  been  pointed  out.  When 
the  ameloblasts  are  reduced  in  form,  they  appear  united  with  the  stratum  inter¬ 
medium  cells  as  a  syncytium  {figs.  23,  24,  27,  31,  and  32).  The  intercellular 
spaces  are  considerably  wider  than  in  the  preceding  period.  The  stratum  inter¬ 
medium  cells  spread  over  and  often  surround  the  adjacent  blood  capillaries. 
The  volume  of  the  individual  ameloblasts  is  reduced  as  they  lose  about  50%  in 
height  and  become  only  a  trifle  wider.  At  the  same  time  the  boundary  to^^  ard 
the  stratum  intermedium  disappears  and  the  amount  of  intercellular  fluid  in- 
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creases  (comparers.  26  and  27).  The  nuclei  of  the  ameloblasts  are  not  similarly 
reduced,  but  become  more  plump.  All  these  signs  indicate  that  the  reduction  of 
the  ameloblasts  is  due  to  the  release  of  fluid  into  the  interstitia. 

Further  evidence  for  the  reversal,  not  only  of  the  flow  of  fluid,  but  also  of  other 
materials  at  this  time,  is  taken  from  the  fact  that  the  short  ameloblasts  and  stra¬ 
tum  intermedium  cells  beyond  the  transitional  zone  never  contain  any  globular 
material.  At  the  time  of  the  reduction  of  the  cells  such  material  is  regularly  found 
within  their  cytoplasm  (Jigs.  23  and  24).  Since  the  cells  cannot  discharge  the 
globules  toward  the  secretory  pole  as  they  did  during  the  production  of  the 
matrix,  they  can  be  eliminated  only  toward  the  periodontal  tissue.  Thus,  the 
change  of  direction  which  follows  the  stoppage  of  the  flow  of  fluid  into  the  amelo¬ 
blasts  not  only  involves  removal  of  water,  but  also  emission  of  globular  sub¬ 
stance  toward  the  stratum  intermedium  cells.  As  indicated  by  the  enlarged 
intercellular  spaces  particularly  between  the  stratum  cells  (Jig.  27),  the  fluid  iis 
discharged  into  the  interstices,  while  the  globular  material  seems  to  pass  across 
the  cell  bridges  into  the  stratum  intermedium  cells  which  are  often  found  heavily 
loaded  wth  large  globules.  If  this  is  true,  a  two-way  removal  from  the  amelo¬ 
blasts  would  correspond  to  the  two-way  uptake  during  enamel  production  (see 
p.  474).  The  globular  material  must  be  taken  soon  afterwards  from  the  stratum 
intermedium  cells  into  the  blood  capillaries  as  the  same  cells  somewhat  closer 
to  the  surface  are  free  from  these  substances. 

The  second  turning  point  in  the  history  of  the  ameloblasts,  as  we  may  call  this 
decisive  change  in  function,  not  only  implies  the  removal  of  fluid  and  of  globular 
material,  but  seems  to  prepare  the  ameloblasts  for  absorptive  activity  during 
the  period  of  maturation.  This  is  suggested  by  the  observations  on  vital  stain¬ 
ing.  T^venty-four  to  48  hours  after  a  single  injection  of  trypan  blue  the  enamel 
matrix  is  found  diffusely  stained  when  the  active  ameloblasts  contain  fine  blue 
granules  (see  p.  473  and  Jig.  12).  In  contrast  to  the  enamel  matrix,  the  hard 
enamel  remains  unstained  no  matter  how  often  the  injections  are  repeated.  This 
finding  was  anticipated  by  Ganzer  (1906).  After  injecting  sodium  indigosulfate 
in  guinea  pigs,  he  found  the  “uncalcified”  part  of  the  teeth  (the  enamel  matrix) 
intensely  stained  while  the  “calcified”  part  (the  hard  enamel)  was  unstained. 
Marshall  (1920),  who  injected  dianilblue  RR  intraperitoneally  in  rats  stated  that, 
“as  the  enamel  rods  grow  older,  and  the  tissue  in  its  giowth  moves  towards  the 
cutting  edge  of  the  tooth,  the  stain  fades  out . . .”  That  is  to  say  that  during  mat¬ 
uration  a  decoloration  takes  place.  In  the  case  of  the  trypan  blue  color  loss  might 
be  due  to  a  reduction  of  the  dye  to  its  leukobase.  However,  the  same  difference 
between  enamel  matrix  and  hard  enamel  is  found  when  the  vital  staining  has 
been  done  by  alizarin  red  which  may  be  changed  in  color  but  not  bleached  by 
chemical  changes®.  Thus,  it  is  probable  to  conclude  that  the  dye  is  removed  from 
the  enamel  matrix  during  maturation.  There  is  no  indication  of  any  transfer  of 
material  from  the  enamel  matrix  toward  the  dentin  at  this  time,  whereas,  the 
reversal  of  the  flow  of  fluid  from  the  ameloblasts  toward  the  stratum  intermedium 

*  Oral  communication  from  Dr.  M.  Massler,  School  of  Dentistry,  University  of  Illinois. 
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makes  it  very  probable  that  the  removal  of  substances  from  the  matrix  will  be 
carried  out  into  the  same  direction. 

My  observations  concerning  the  reaction  of  the  short  ameloblasts  and  the 
stratum  intermedium  cells  to  vital  staining  are  compatible  with  the  idea  of  an 
absorptive  activity  of  the  ameloblasts  during  maturation.  By  sacrificing  the 
animals  at  various  intervals  after  a  single  injection  of  trypan  blue  (see  p.  472),  it 
was  found  that  after  about  4  days  no  dye  is  stored  by  the  young  ameloblasts  which 
are  entering  the  zone  of  production  while  the  older  ameloblasts  have  retained  their 
stain.  In  other  words,  trypan  blue  is  no  longer  in  circulation,  as  the  dye  is  either 
stored  within  the  tissues  or  has  been  eliminated  from  the  body.  Similar  results 
were  obtained  by  Teploff  (’25),  who  found  that  in  guinea  pigs  incisors,  9  days 
after  the  last  injection  of  lithium  carmin,  the  dye  disappeared  from  the  apical  end 
of  the  tooth.  In  contrast  to  the  high  ameloblasts,  the  short  ameloblasts  and  the 
stratum  intermedium  cells  contained  the  same  amount  and  the  same  kind  of 
trypan  blue  granules  at  all  times  until  the  end  of  the  experiment  11  days  after 
the  injection  (Jig.  14).  The  granules  enclosed  in  the  cytoplasm  of  the  short 
ameloblasts  and  stratum  intermedium  cells  are  fewer  and  bigger  and  more  irregu¬ 
lar  in  shape  than  these  within  the  high  piismatic  ameloblasts.  In  addition, 
during  maturation  the  stratum  cells  contain  these  granules  regularly  while  in  the 
period  of  production  they  are  often  completely  unstained  (fig.  12).  In  one  of 
the  animals,  the  uppermost  tall  ameloblasts  had  retained  only  a  few  blue  granules 
on  the  eleventh  day  after  the  injection  and  yet  the  short  ameloblasts  emerging 
from  the  zone  of  transition,  as  well  as  the  adjacent  stratum  intermedium  cells, 
contained  the  usual  amount  of  stained  particles.  It  is  difficult  to  believe  that  the 
dye  found  in  the  short  ameloblasts  and  stratum  intermedium  cells  is  only  the 
residue  of  the  few  granules  present  within  the  cells  at  the  time  of  their  transfor¬ 
mation.  It  is  more  probable  that  the  short  ameloblasts  are  taking  the  dye  from 
the  enamel  matrix  when  the  latter  loses  its  color.  Also,  the  constant  presence  of 
blue  particles  mthin  the  stratum  intermedium  cells  during  maturation  is  most 
likely  due  to  continuous  movement  of  the  dye  from  the  ameloblasts  toward 
the  stratum  intermedium  cells  which  is  opposite  to  the  movement  of  the  globu¬ 
lar  material  at  the  beginning  of  this  period.  The  opposite  interpretation  may 
appear  to  be  true  for  the  ameloblasts,  that  due  to  the  loss  of  fluid  the  dye  simply 
accumulates  in  these  cells  and  concentrates  into  coarser  particles.  This,  how¬ 
ever,  does  not  explain  the  constant  presence  of  the  granules  within  the  stratum 
intermedium  cells  nor  their  size  and  shape,  for  these  cells  do  not  undergo  the 
same  change  as  the  ameloblasts.  Furthermore,  the  presence  of  the  dye  aggre¬ 
gates,  during  and  beyond  the  entire  period  of  maturation  with  no  noticeable 
decrease  in  numbers,  is  another  factor  suggesting  the  continuous  uptake  of  the 
dye  as  long  as  maturation  lasts.  This,  in  itself,  does  not  eliminate  the  possibility 
that  the  dye  in  the  short  ameloblasts  is  a  residue  of  the  dye  contained  in  the  high 
ameloblasts  at  the  time  of  their  shortening,  since  the  removal  of  dyes  vitally  pre¬ 
cipitated  in  the  cytoplasm  will  take  more  time  than  the  maturation  of  the  enamel 
matrix.  However,  this  fact  carries  some  weight  if  considered  with  all  the  other 
findings  in  favor  of  an  absorptive  function  of  the  short  ameloblasts.  The  loca- 
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tion  of  the  trj’^pan  blue  granules  within  the  short  ameloblasts  points  in  the  same 
direction.  As  can  best  be  seen  in  a  tangential  section  through  the  maturing 
matrix  and  the  enamel  epithelium  {jig.  13),  the  granules  are  situated  in  the 
supranuclear  zone  and  the  pole  of  the  cell  next  to  the  matrix  contains  only 
slightly  stained  and  much  less  concentrated  material.  This  is  the  distribution 
and  concentration  to  be  expected  if  the  dye  is  absorbed  from  the  matrix. 

(2)  The  function  of  the  short  ameloblasts. 

The  conclusion  reached  regarding  the  function  of  the  short  ameloblasts  is 
strongly  corroborated  by  the  finding  that  these  cells  are  indispensable  for  the 
maturation  of  the  enamel  matrix.  Schour,  Chandler  and  Tweedy  (1917)  found 
that  in  parathyroidectomized  rats  abundant  organic  material  remained  within  the 
enamel  space  when  the  enamel  epithelium  was  damaged  or  missing.  However, 
Chase  was  the  first  to  state  (1940),  “that  the  presence  of  functional  ameloblasts 
is  essential  for  completion  of  the  maturation  of  the  enamel  in  rat  incisors.”  This 
discovery  was  made  in  cases  of  vitamin  B  deficiency,  of  fluorosis  and  of  direct 
traumatization  of  the  enamel  epithelium.  My  material  of  guinea  pig  molars  in 
vdtamin  C  deficiency  presents  quite  a  few  analogous  cases.  Figs.  28,  29  and  30 
show  without  further  explanation  the  close  correlation  between  the  presence  of 
the  enamel  epithelium  in  its  reduced  form  and  the  maturation  of  the  matrix. 
The  alternation  of  hard  decalcifiable  enamel  and  enamel  matrix,  coinciding  with 
the  presence  and  absence  of  the  enamel  epithelium  in  fig.  28,  is  particularly  con¬ 
vincing  evidence  of  the  function  of  the  short  ameloblasts  during  maturation. 
This  function  can  be  neither  secretion  of  globular  material  nor  production  of 
ground  substance  as  this  kind  of  activity  of  the  ameloblasts  has  ceased.  More- 
ov'er,  it  cannot  be  secretion  of  any  kind  since  the  direction  of  the  flow  of  fluid  is 
now  reversed.  This  point  has  to  be  stressed  in  order  to  prevent  the  a  priori 
conclusion  that  the  short  ameloblasts  may  serve  the  transfer  of  minerals  into  the 
maturing  enamel.  The  only  conclusion  we  can  draw  from  the  new  findings  illus¬ 
trated  in  figs.  28,  29  and  30  Is  that  the  ameloblasts,  after  the  reconstruction  of 
the  columnar  epithelium,  take  up  a  function  different  from  that  in  the  preceding 
period.  This  again  supports  the  idea  of  their  absorptive  activity  during  ma¬ 
turation. 

The  new  facts  disprove  once  and  for  all  the  idea  that  the  “reduced”  amelo¬ 
blasts  are  degenerating  cells.  Incidentally,  these  ameloblasts  also  react  to 
vital  staining  differently  from  injured  or  dying  cells,  which  are  known  to  stain 
diffusely,  instead  of  storing  the  dye  in  form  of  granules. 

Finally,  a  more  specific  statement  can  be  made  concerning  the  extent  to  which 
the  ameloblasts  participate  in  the  maturation  process.  In  the  absence  of  the 
enamel  epithelium,  the  enamel  matrix  cannot  complete  its  maturation .  However, 
maturation  does  proceed  to  a  certain  stage  without  ameloblasts.  This  is  proved 
by  the  considerable  loss  of  stainability  and  by  the  appearance  of  structure  seen  in 
fig.  30,  wherever  the  enamel  epithelium  Is  missing.  What  has  been  accomplished 
there  without  ameloblasts  is  a  typical  step  toward  the  final  change  into  hard 
enamel  as  shown  by  any  section  of  a  developing  tooth  at  the  proper  stage  or  of 


ANALYSIS  OF  ENAMEL  FORMATION 


489 


a  continuously  growing  tooth  at  the  corresponding  levels  (Jig.  31).*  It  is,  there¬ 
fore,  evident  that  the  ameloblasts  are  responsible  for  but  one  part  of  the  total 
necessary  to  complete  maturation.  The  initiation  of  this  complex  process  change 
is  due  to  factors  other  than  the  activity  of  the  ameloblasts. 

The  histological  findings  allow  us  to  elaborate  this  conclusion.  The  decoloriz¬ 
ing  of  the  enamel  matrix  often  begins  at  the  dentino-enamel  junction  where  a 
band  of  the  matrix  takes  the  character  of  the  maturing  enamel  (jig.  32).  This 
may  occur  prior  to  the  change  within  the  enamel  epithelium  so  that  production 
and  maturation  are  overlapping.  While  it  proves  the  beginning  of  maturation 
to  be  independent  from  the  enamel  epithelium  the  phenomenon  indicates,  on  the 
other  hand,  an  influence  on  the  matrix  via  the  dentin.  In  this  way  the  histologi¬ 
cal  analysis  leads  to  a  conception  of  the  maturation  of  the  enamel  matrix  as  a 
twofold  process,  one  part  of  which  depends  on  the  pulp  the  other  on  the  amelo¬ 
blasts.  This  conclusion  is  to  be  correlated  to  our  knowledge  concerning  the 
nature  of  maturation. 

(3)  The  nature  of  maturation. 

Since  the  classical  studies  on  amelogenesis  by  von  Ebner,  the  changes  observ  ed 
in  the  maturing  enamel  were  ascribed  by  the  histologists  to  the  increasing  uptake 
of  calcium  on  the  one  hand  and  to  the  loss  of  water  and  of  organic  material  on  the 
other.  This  concept  has  been  substantiated  in  recent  years  by  quantitative 
chemical  and  x-ray  analyses  of  both  hard  and  developing  enamel  (Rosebury; 
Le  Fevre  and  Manly;  Deakins  and  Volker;  Glock,  Mellanby,  Murray  and 
Thewlis).  Of  special  interest  is  the  correlation  of  chemical  and  histological 
investigations  of  developing  enamel  by  W'^einmann,  Wessinger  and  Read  (1942). 
According  to  these  authors,  the  acid  insoluble  enamel  matrix  of  permanent  tooth 
germs  of  the  pig  contains  28  to  37%  water,  22  to  38%  organic  material,  23.4  to 
30.3%  calcium  and  12  to  15.3%  phosphorus.  The  values  for  acid  soluble  enamel 
in  different  areas  from  the  occlusal  to  the  cervical  end  of  the  tooth  were  found  to 
range  between  about  6.5  to  25%  water,  4.0  to  9.5%  organic  material,  34.6  to 
37.6%  calcium  and  18.1  to  25.5%  phosphorus.  The  authors  summarize  their 
results  thus:  “calcification  of  enamel  is  characterized  by  a  removal  of  moisture 
and  organic  material  and  an  influx  of  mineral  salts.”  The  amount  of  organic 
material,  according  to  this  analysis,  decreases  from  about  40%  in  the  young 
enamel  matrix  to  about  0.5  to  2%  in  the  hard  enamel.  However,  since  the 

*  A  possible  objection  is  whether  the  ameloblasts  might  have  started  maturation  and, 
afterwards,  atrophied.  Two  counter  objections  are:  (1)  the  ameloblasts  are  most  suscep¬ 
tible  to  destruction  in  the  period  of  transition  from  tall,  prismatic  to  reduced  (resorptive) 
type.  In  some  of  our  cases  the  destruction  begins  at  the  most  apical  part  of  the  short 
enamel  epithelium,  where  no  maturation  change  has  taken  place.  Higher  up  the  changes 
in  stainability  and  in  the  appearance  of  structure  indicate  that  maturation  has  proceeded 
as  far  as  it  goes  in  such  cases  with  the  ameloblasts  missing  from  the  beginning.  (2)  When 
the  maturation  changes  are  first  visible  they  appear  at  the  dentino-enamel  junction. 
(Although  according  to  careful  histologic  studies  by  Nuckolls,  Saunders  and  Frisbie,  1942 
and  earlier  crystallographic  studies  by  Kitchin  (J.  D.  Res.,  17  :  274, 1938),  in  normal  mat¬ 
uration  (crystallization)  the  process  starts  at  the  peripheral  portions  of  the  rods.  Ed.). 
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enamel  increases  in  mass  during  the  hardening  process  from  about  1  to  3  (the 
specific  gravity  of  apatite  being  between  3.14  and  3.22  according  to  Karlstrom 
[’31])  and  since  the  volume  of  the  enamel  remains  the  same,  the  actual  loss  in 
organic  material  will  not  amount  to  more  than  30%  of  the  original  value.  Still 
the  removal  of  proteins  from  the  enamel  matrix  is  an  essential  part  of  the  com¬ 
plex  maturation  process.  The  question  arises  how  the  organic  material  may  be 
taken  from  the  matrix  or  which  pathway  may  be  used  for  its  removal. 

(4)  The  'pathways  of  substances  taken  in  and  removed  from  the  maturing  enamel 
matrix. 

Maturation  is  a  dual  process  from  the  histological  point  of  view'  depending  on 
the  activity  of  the  ameloblasts  and  on  the  pulp.  It  is  a  tw’ofold  process  likewise 
from  the  chemico-physical  point  of  view  as  it  consists  of  the  2  contrasting  changes 
of  uptake  of  minerals  and  of  removal  of  w’ater  and  proteins.  The  problem  arises 
whether  the  2  histologically  distinct  processes  correspond  to  the  2  chemico- 
physical  changes.  In  terms  of  histo-physiology  one  may  seek  the  pathways  of 
the  substances  taken  up  by  and  removed  from  the  enamel  matrix. 

It  must  be  remembered  that  the  young  enamel  contains  calcium  and  phos¬ 
phorus  from  the  beginning  of  amelogenesis  (Hintzche  and  Baumann  [’33]; 
Wassermann  [’41] ;  Nuckolls  [’41]).  The  uptake  of  calcium  during  maturation  is, 
therefore,  an  additional  calcification.  The  imbibition  of  the  young  enamel  w'ith 
minerals  is  intimately  connected  with  its  production,  for  the  minerals  appear  to 
be  stored  witliin  the  stellate  reticulum  of  the  enamel  organ  (p.  468)  and  are,  there¬ 
fore,  part  of  the  substances  transferred  into  the  matrix  by  the  ameloblasts.  The 
pulp,  or  the  odontoblasts,  are  not  likely  to  contribute  to  the  mineralization  of 
the  young  enamel  at  a  time  when  calcium  and  phosphorus  are  being  retained 
by  the  dentin.  Van  Kossa  sections  show  the  dentin  and  the  young  enamel 
equally  impregnated  with  silver  salt  which  indicates  about  the  same  concentra¬ 
tion  of  calcium  phosphate  at  either  side  of  the  dentino-enamel  junction.  Since 
the  uptake  of  calcium  from  the  pulp  on  the  one  hand  and  from  the  stellate  reticu¬ 
lum  through  the  ameloblasts  on  the  other  leads  to  about  the  same  concentration, 
no  calcium  w'ill  pass  across  the  dentino-enamel  junction. 

After  the  period  of  production  when  the  additional  uptake  of  minerals  into  the 
enamel  takes  place  the  situation  is  totally  different.  First,  there  is  no  longer  an 
afflux  from  the  outside;  secondly,  the  dentin  production  has  slowed  down,  for 
most  of  the  dentin  has  been  produced.  Thus,  it  is  very  probable,  that  the  addi¬ 
tional  calcium  w'ill  be  draw'n  into  the  enamel  via  dentin  from  the  pulp.  In  other 
words,  the  uptake  of  minerals  into  the  maturing  enamel  Is  different  from  the  up¬ 
take  during  the  period  of  production,  both  as  to  the  source  and  the  pathway  in¬ 
volved.  This  is  no  mere  assumption  as  there  is  evidence  that  the  hard  enamel, 
as  well  as  the  maturing  enamel  is  taking  in  a  certain  small  amount  of  calcium 
throughout  life.  This  has  been  shown  by  the  aid  of  radioactive  phosphorus 
(Chievitz  and  Hevesy;  Hevesy,  Holst  and  Krogh;  Manly,  Le  Fevre  and  Bale; 
Hevesy  and  Armstrong).  Our  own  studies  by  the  same  method  on  the  different 
pathw'ays  of  exchange  of  minerals  in  teeth  (Wassermann,  Blayney,  Groetzinger 
and  DeWitt)  proved  that  the  calcium  taken  into  the  enamel  of  the  teeth  of  adult 
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dogs  passes  through  the  dentino-enamel  junction  and  is  drawn  mainly  through  the 
pulp.  When  the  pulp  was  removed  and  the  inner  surface  of  the  dentin  sealed  off, 
only  one-fifth  of  the  normal  amount  of  calcium  entered  the  enamel  via  cementum 
and  dentin.  What  is  true  of  the  additional  uptake  of  minerals  after  the  period 
of  maturation  will  hold  also  during  this  period  when  the  calcium  requirement  of 
the  enamel  is  much  greater  and  the  primary  source  of  mineral  supply  has  already 
ceased  to  flow.  In  addition,  circumstantial  evidence  can  be  presented.  In  guinea 
pig  molars,  the  calcium  supply  in  later  amelogenesis  cannot  be  the  same  as  during 
the  period  of  production.  Toward  the  end  of  maturation  the  cells  of  the  perio¬ 
dontal  tissue  begin  to  cluster  and  to  form  cartilage  (figs.  1  and  7).  The  latter 
contains  considerable  quantities  of  calcium  as  can  be  easily  demonstrated  by  the 
von  Kossa  method.  Thus,  the  available  calcium  is  kept  ^\'ithm  the  periodontal 
tissue  instead  of  being  sent  into  the  enamel  as  it  was  in  the  preceding  period. 

Since  the  additional  calcification  of  the  enamel  is  due  to  the  uptake  of  minerals 
from  the  pulp  via  the  dentino-enamel  junction,  the  function  of  the  short  amelo- 
blasts  known  to  be  indispensable  for  maturation  must  be  related  to  the  removal  of 
fluid  and  of  organic  material  from  the  enamel  matrix.  In  other  words,  the  second 
turning  point  in  the  history  of  the  ameloblasts,  indicated  by  a  series  of  structural 
changes,  is  from  the  functional  point  of  view  a  change  in  function  from  secretion 
to  absorption.  This  has  been  suggested  by  (1)  the  changes  within  the  amelo¬ 
blasts  and  stratum  intermedium  cells  at  the  beginning  of  maturation;  (2)  the 
decolorization  of  the  hardening  enamel  after  vital  staining;  (3)  by  the  reaction  to 
vital  staining  of  both  the  ameloblasts  and  the  stratum  intermedium  cells.  It  is, 
therefore,  safe  to  say,  that  we  come  as  close  as  it  is  possible  at  present  to  proving 
that  the  short  ameloblasts  are  absorbing  cells.  In  general,  the  ameloblasts  pre¬ 
sent  another  example  like  the  columnar  epithelium  of  the  intestinal  wall,  demon¬ 
strating  the  ready  shifting  from  one  direction  to  the  other  of  columnar  epithelial 
cells.  The  free  surface  of  the  cell  acts  as  a  membrane  which  serves  either  for  the 
uptake  or  the  elimination  of  substances,  depending  on  changing  conditions. 

Finally,  it  may  be  sho^v^l  from  another  viewpoint  that  the  organic  material 
cannot  be  removed  from  the  enamel  matrix  through  the  dentin,  but  only  by  the 
action  of  the  ameloblasts.  A  deficient  enamel  resulting  from  incomplete  matura¬ 
tion,  as  it  is  shown  in  fig.  SO,  cannot  be  repaired  later.  The  same  is  true  of  the 
identical  “hypoplastic”  enamel  which  occurs  in  mammalian  and  human  teeth, 
and  is  characterized  by  a  deficit  in  calcium  and  an  excess  in  organic  material 
(Bodecker  [’41]).  The  calcium  deficit  in  such  parts  of  the  enamel  could  be  made 
up  since  calcium  is  being  taken  up  by  the  enamel  throughout  life,  as  shown  with 
the  aid  of  radioactive  phosphorus,  but  the  organic  material  cannot  be  removed 
once  the  ameloblasts  are  gone.  The  changing  metabolic  conditions  during  the 
production  and  the  maturation  of  the  enamel  matrix  of  any  tooth,  as  they  are 
presented  in  this  paper,  are  summarized  in  the  diagram  of  fig.  6. 

(5)  Crystallization  of  the  enamel. 

Kitchin  (’33),  studying  the  development  of  the  enamel  in  ground  sections  by 
the  aid  of  the  polarizing  microscope,  was  able  to  demonstrate  the  formation  of 
the  enamel  crystals.  These  fundamental  studies  make  it  necessary  to  distin- 
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guish  between  calcification  and  cn^stallization  of  the  enamel.  We  know  that  the 
young  enamel  in  all  its  stages  of  development  contains  calcium.  Calcification, 
that  is  incorporation  of  calcium  or  minerals  in  general,  is  not  identical  with  the 
final  hardening  of  the  enamel,  as  the  use  of  the  term  calcification  seems  to  suggest. 
According  to  Kitcliin,  the  definitive  crystal  structure  is  established  in  decal¬ 
cified  sections  when  all  evidence  of  the  enamel  structure  disappears,  that  is,  at  the 
end  of  the  period  of  maturation.  However,  the  final  phase  is  preceded  by  an 
initial  phase  of  crystallization.  We  knov»'  that  not  only  addition  of  mineral, 


Fig.  6.  Diagram  to  show  pathways  of  substances  taken  in  and  absorbed  from  enamel 
matrix  during  period  of  production  and  maturation.  Arrow  1 — flow  of  material  through 
the  ameloblasts  during  production;  arrow  2 — stoppage  of  secretion;  arrow  3 — reversal  of 
flow  of  material  at  the  beginning  of  maturation;  arrow  4 — absorption  of  material  from 
enamel  matrix  by  the  ameloblasts;  arrows  5  and  6 — intake  of  minerals  by  enamel  matrix 
through  dentin. 

called  here  additional  calcification,  but  also  removal  of  water  and  organic  sub¬ 
stances  is  indispensable  to  bring  about  the  crystallization  of  the  enamel.  How 
closely  correlated  the  2  processes  are  is  demonstrated  by  the  enamel  dysplasia 
that  results  from  incomplete  maturation:  insufficient  removal  of  water  and 
organic  material  renders  the  enamel  unable  to  continue  calcification.  We  do  not 
know  how  the  2  changes  upon  w'hich  maturation  depends  are  physico-chemically 
interlocked.  However,  we  can  define  maturation  as  the  changes  within  the 
enamel  matrix  which  result  from  both  gradual  increase  in  mineral  and  gradual 
decrease  in  moisture  and  organic  material,  and  culminate  in  the  formation  of 
enamel  crystals. 


ANALYSIS  OF  ENAMEL  FORMATION* 


493 


cy 


SUMMARY 

(1)  The  purpose  of  a  histophysiologic  analysis  of  enamel  formation  is  to  envis¬ 
age  the  complex  process  as  a  series  of  changes  within  all  the  tissues  concerned 
and  to  understand  the  causal  relations  of  these  changes  with  respect  to  initiation, 
maintenance  and  limitation  of  amelogenesis  (p.  4(13). 

(2)  In  continuously  growing  teeth  the  development  of  the  enamel-producing 
tissues  can  1H‘  followetl  from  the  beginning  to  the  end  in  a  single  tooth.  Three 
stages  can  l>e  distinguishwl:  (1)  the  embryonic  pericnl;  (2)  the  periotl  of  pnxluc- 
tion;  (3)  the  pericnl  of  maturation.  The  transitional  changes  l)etween  the  differ¬ 
ent  periwls  are  of  special  interest  (p.  4b7). 

(3)  During  the  embryonic  stage,  which  is  the  homologue  of  any  mammalian 
tooth  germ,  the  enamel  epithelium,  prior  to  the  formation  of  dentin,  maintains  its 
original  relationship  to  the  pulp  which  is  its  primary  source  of  supply.  The 
rest  of  the  enamel  organ  is  supplied  by  the  secondary  oi  outer  source  of  supply, 
viz.  the  periodontal  tissue  (p.  498). 

(4)  In  the  beginning  of  amelogenesis,  the  amelobUusts  become  oriented  toward 
the  stellate  reticulum  and  the  periodontal  vascular  mesenchyme  which  now 
liecome  their  source  of  supply.  This  is  the  first  turning  point  in  the  history  of 
the  amelobUusts.  The  structural  changes,  accompanying  the  beginning  of 
amelogenesis  (Jiy.  .9),  are  indicative  of  the  reversal  of  nutrient  supply  of  the 
ameloblasts. 

(5)  The  decisive  change  is  not  due  to  the  viuscularization  of  the  enamel  organ, 
but  to  the  formation  of  tlentin  which  replaces  the  former  ba.sement  membrane 
iH'tween  the  amelobUusts  and  the  pulp,  thereby  separating  the  inner  enamel 
epithelium  from  the  primary  source  of  supply  (p.  470). 

(0)  The  influx  of  fluid  from  the  outside  is  indicatiHl  by  the  gap  l)etwet'n  enamel 
epithelium  and  dentin  opening  at  the  very  beginning  of  amelogeiu*sis.  It  is  kept 
open  JUS  long  as  jiroduction  Uusts  (p.  471). 

(7)  The  abundant  uptjike  of  fluid  from  the  outside  by  the  amelobUists  luis  btH'ii 
(lemonstijited  by  the  vital  stjiining  method  (p.  473). 

(H)  'Fhe  demarcation  between  emimel  epithelium  and  stratum  interim\lium  is 
Jinother  sign  of  absorption  going  on  at  the  outer  boundary  of  the  epithelium 
(p.  473).  When  this  process  comes  to  an  end,  the  demarcation  ilisappt'ai-s 

c%.  ~^d). 

(9)  Since  the  protoplasmic  bridges  between  the  junelobUusts  and  the  stratum 
intermedium  cells  are  mjiintained  during  prinluction,  the  transfer  of  material  into 
the  amelobUists  is  carried  Jicro.ss  both  the  cell  proces.ses  and  the  limiting  mem¬ 
brane  (p.  474). 

(10)  In  scorbutic  animals  the  formation  of  the  dentin  may  be  entirely  sup¬ 
pressed  in  certain  areas.  Enamel  forming  tissues  there  remain  in  the  embryonic 
stage  (p.  474,  .//</.  lo).  The  cjiusal  relation  of  dentin  and  differentiation  of  the 
enamel-forming  tissues  are  proved  by  this  coincidence. 

(ID  The  building  up  of  the  enamel  matrix  consists  of  (1)  the  stn-retion  of 
gloliiilar  materijil,  (2)  of  the  formation  of  a  structured  ground  suK^tance  (p.  470). 

(12)  The  .secretion  of  globular  material  is  ji  function  of  both  the  amelobUists 
and  the  stratum  inteiniedium  cells. 
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(13)  PrtKluction  of  globular  material,  without  it'^  eon.seciuent  incorporation 
into  the  ground  substance,  leads  to  the  accumulation  of  amorphous  masses  laid 
dow  n  on  top  of  the  enamel  matrix  Qig.  18).  This  is  the  result  of  a  hypersecretion 
under  abnormal  conditions  and  should  not  l>e  called  enamel  hyperplasia  as  has 
l)een  done. 

(14)  The  reverse  disturbance,  that  is  the  formation  of  the  ground  substance 
without  its  simultaneous  impregnation  with  globular  material,  reveals  the  struc¬ 
ture  of  the  ground  substance  {jigs.  19,  20).  The  attempt  was  made  to  trace  this 
structure  back  to  that  of  the  earliest  ground  substance  in  the  beginning  of 
amelogenesis  (Jig.  22).  The  conclusions  reached  do  not  confirm  the  traditional 
opinion  that  each  enamel  prism  corresponds  to  one  particular  ameloblast  (p.  478). 

(15)  The  grow  th  of  the  ground  substance  does  not  coincide  with  a  gradual 
shortening  of  the  receding  ameloblasts  (Jig.  5).  Thus,  the  theory  of  the  direct 
transformation  of  the  ameloblasts  into  the  enamel  rods  does  not  correctly 
descrilx*  the  formation  of  the  ground  substance,  which  seems  to  be  elaborated  as 
an  exoplasmic  derivative  of  the  cells  (p.  481). 

(1(>)  The  cessation  of  prcKluction  is  not  due  to  a  limited  life  span  of  the  amelo¬ 
blasts  but  to  environmental  conditions  (p.  484). 

(17)  Finding  of  production  and  beginning  of  maturation  are  accompanied  by 
regressive  and  progressive  changes  in  the  enamel  epithelium.  The  polarity  of  the 
ameloblast.s,  the  space  l>etween  enamel  epithelium  and  matrix,  the  demarcation 
of  the  enamel  epithelium  toward  the  stratum  intermedium  disappear  while  the 
ameloblasts  are  decreasing  in  height  (p.  484).  The  reestablishment  of  the  colum¬ 
nar  epithelium  marks  the  new  organization  necessary  for  the  maturation  (Jig.  23). 

(18)  Loss  of  water  by  the  ameloblasts  (p.  489),  retention  of  secreted  material 
within  the  cells  (Jig.  23),  and  soon  afterward  the  absorption  of  this  material,  indi¬ 
cate  that  the  flow  of  fluid  is  reversed  in  the  beginning  of  maturation.  This  is  the 
second  turning  point  in  the  history  of  the  ameloblasts. 

(19)  The  finding  that  vitally  stained  enamel  matrix  decolorizes  regularly 
during  maturation  suggests  an  absorptive  activity  of  the  ameloblasts  beginning 
with  the  reversal  of  the  flow  of  material. 

(20)  After  the  destruction  of  the  short  amelobhists,  the  enamel  matrix  does 
not  reach  complete  maturity  which,  however,  proceeds  to  a  certain  stage  (.AV/.  30). 
It  follows  that  the  ameloblasts  are  charged  with  a  function  which  is  indispensable 
for  one  phase  of  maturation.  This  function  is  certainly  different  from  that  in  the 
preceding  period  of  production  (p.  488). 

(21)  The  concept  of  the  twofold  nature  of  enamel  maturation  is  confirmed  by 
(1)  the  activity  of  the  ameloblasts  and  (2)  the  results  of  recent  chemical  analyses 
of  developing  enamel.  The  2  processes  on  which  maturation  depends  are  the 
uptake  of  minerals,  in  addition  to  those  contained  in  the  enamel  matrix  from  the 
l)eginning,  and  the  removal  of  water  and  organic  substances. 

(22)  According  to  recent  studies  by  the  aid  of  radio-active  phosphorus,  cal¬ 
cium  is  taken  in  by  the  enamel  throughout  life  via  the  dentino-enamel  junction. 
The  same  pathway  will  lx*  used  by  the  maturing  enamel  when  the  flow  of  material 
fnjm  the  outside  ceases.  The  analogy  is  strongly  supported  by  the  oKservation 
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that  the  first  changes  typical  of  maturation  are  found  at  tlie  dentino-enamel 
junction  (Jig.  32).  The  retention  of  calcium  within  the  periiKlontal  tissues  in 
guinea  pig  molai-s  at  the  time  when  maturation  is  not  complete  also  points  to  the 
dentin  and  the  pulp  as  the  source  of  calcium  (p.  491). 

(23)  Since  the  uptake  of  minerals  during  maturation  does  not  deiiend  on  the 
ameloblasts,  their  indispensable  function  must  be  related  to  the  removal  of  fluid 
and  of  organic  .substances.  A  further  evidence  for  the  absorptive  activity  of  the 
short  ameloblasts  can  l>e  derived  from  the  irreparability  of  the  dysphusia  of  the 
enamel  (p.  491). 

(24)  It  has  lieen  found  neces.sary  to  distinguish  lietween  calcification  and 
crystallization  of  the  enamel  matrix.  CVystallization,  and,  therefore,  the  final 
hardening  of  the  enamel,  is  the  result  of  lioth  calcification  and  the  removal  of 
water,  as  well  as  of  a  certain  amount  of  the  organic  material  from  the  enamel. 
The  2  proces.ses  involveil  in  maturation  seem  to  be  chemico-physically  interlocked 
so  that  calcification  cannot  be  completed  when  absorption  has  been  stopped. 

The  author  wishes  to  express  his  indebtedness  to  Dr.  J.  R.  Blayney,  Director  of  the 
W.  0.  Zoller  Memorial  C'linic  of  the  University  of  ('hieago,  for  support  and  suggestions 
and  to  Dr.  G.  W.  Bartelmez  for  his  criticisms. 
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.Vbbreviations  for  figs.  7  to  32 

a,  ameloblasts;  a  b,  alveolar  bone;  a  emb,  ameloblasts  embryonic;  a  act,  ameloblasts 
activated;  act,  level  of  activation;  a  r,  reduced  ameloblasts;  b  m,  basement  membrane; 
c,  or  cart,  cartilage;  cap,  capillary;  c  b,  cytoplasm  bridges  between  ameloblasts  and  stratum 
intermedium  cells,  d,  dentin,  dem,  line  of  demarcation  between  enamel  epithelium  and 
stratum  intermedium;  dej,  dentino-enamel  junction;  de,  decalcified  enamel;  e,  enamel; 
e  h,  hard  enamel;  e  gr,  enamel  ground  substance;  en  ep,  enamel  epithelium;  en  m,  or  en  mx, 
enamel  matrix;  en  org,  enamel  organ;  en  sp,  enamel  space;  gl,  globular  material;  gr,  ground 
substance;  h,  honeycomb  structure  of  the  enamel  matrix;  o,  or  od,  odontoblasts;  ost,  osteo¬ 
blastlike  cells;  per  t,  periodontal  tissue;  sp,  space  between  enamel  epithelium  and  dentin; 
St  int,  stratum  intermedium;  st  r,  stellate  reticulum;  t,  Tomes’  processes;  t  b,  terminal 
bars;  vac,  vacuoles;  v,  level  of  vascularization. 
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Fig.  7.  Longitudinal  section  through  lower  jaw  of  normal  guinea  pig.  Shows  3  lamellae 
of  2nd  molar  separated  by  periodontal  tissue.  lOX. 

Fig.  8.  From  .\zan  stained,  longitudinal  section  at  level  of  beginning  activity  of  amelo- 
blasts.  Receding  nuclei,  opening  of  gap  between  enamel  epithelium  and  dentin  Level 
of  vascularization  farther  toward  occlusal  end  than  level  of  beginning  activity.  Phot, 
with  Zeiss  Oil  Imm.  1K)X.  Leitz  Periplan.  Oc.  12X,  with  Leica  camera. 


Fig.  9.  From  lunt^itudinal  section  of  tooth  of  normal  guinea  pig.  Homatox.  Kosin 
stain.  Drawn  with  2mm  Spencer  lens  Oil  Imm.,  Oc.  lOX,  table  height.  Transitional  zone 
Ijetween  embryonic  and  productive  stage  of  ameloblasts.  Opening  of  space  between 
enamel  epithelium  end  dentin.  Receding  of  nuclei  of  ameloblasts.  Demarcation  of 
enamel  epithelium  toward  stratum  intermedium.  The  first  enamel  material  laid  down  at 
prosj)ective  dentino-enamel  junction  in  form  of  fine  granules. 
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Fig.  10.  Kinbryonic  enamel  epithelium  shortly  l)efore  aetivation.  Hasement  membrane 
develops  gradually  into  dentin.  Hielsehowsky  silver  stain.  Drawn  with  liausch  and 
I.,omb  Apoehr.  47.  oX,  Oc.TiX,  table  height. 

Fig.  11 .  Level  of  aetivation  of  ameloblasts.  Stratum  intermedium  eells  contain  globular 
material.  Phot,  with  Zeiss.  Oil  1mm.  tK)X,  Leitz  Periplan.  oe.  12X,  with  Leica  camera, 
about  ItXKtX. 
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Fig.  12.  Soini-(iiiiKr:unniatir  tlrawiiin  i)f  rogioa  shown  in  fig.  9  as  it  appears  24  hours 
after  trypan  i)lii(‘  injoction  in  normal  guinea  pig.  Trypan  him*  granules  begin  to  Ih*  present 
in  aiuelohlasts  at  time  of  their  aetivation.  Kmhryonie  amelohlasts  are  unstainoil. 

Fig.  IS.  From  ohlicjue  seetion  through  inner  enamel  epithelium  in  period  of  maturation 
after  single  trypan  blue  injeetion.  Within  spaee  In'tween  enamel  matrix  and  nuelei  of 
ameloblasts  supranuelear  parts  of  anu'Ioblasts  are  seen  in  eross-seetions.  The  trypan 
blue  is  located  in  this  part  of  cell.  Drawn  with  Hauseh  ami  bomb  Oil  Imm.  47. oX,  oe.  lt)X, 
table  height. 

Fig.  14.  Short  ameloblasts  and  stratum  intermedium  cells  11  days  after  a  single  injeetion 
of  trypan  blue.  Drawn  as  fig.  13. 
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Fig.  16.  From  Aziin  stainpil  spction.  Retention  of  ^lolnilar  material  within  amelo- 
hlasts.  oJKtX. 

Fig.  17.  From  Azan  stained  seetion  of  tootli  of  seorhutie  animal.  C'dohular  material 
<lnrinK  emission.  Drawn  with  Hauseh  and  Loml*  Oil  1mm.  1H)X,  oe.  lOX,  table  height. 

Fig.  18.  From  seorbutie  animal.  Fnamel  epithelium  separated  from  enamel  matrix. 
Additional  globular  material  emitted  into  spaee  of  epithelial  fold.  Inelusion  of  globular 
material  within  dentin.  Cllobules  within  ameloblasts.  oIlOX. 
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Fig.  19.  From  scorbutic  animal.  Enamel  production  aj)pears  to  be  interrupted  in  an 
area  where  dentin  is  well  developed.  225X. 

Fig.  20.  Detail  of  fig.  19  in  binh  ma}?nification.  Where  enamel  production  appears  to 
be  interrupted  in  fig.  19  fibrillous  material  is  seen  between  surface  of  enamel  epithelium 
and  dentin.  This  material  is  continuous  with  Tomes’  processes  and  seems  to  consist  of 
fan  shaped  i)arts  into  which  the  Tomes’  proces.ses  spread.  Globular  material  is  withheld 
from  this  material  which  is  groundsubstance  of  animal  matri.v.  225()X. 


Fi(j.  21.  Ameloblasts  during  period  of  production.  Notice  Tomes’  processes  and  vacu¬ 
oles  within  space  between  surface  of  enamel  epithelium  (terminal  bars)  and  enamel  matrix. 
I60OX . 

Fig.  22.  .\meloblasts  in  beginninf?  of  activity.  Nuclei  are  just  receding.  Earliest 
ground  substance  is  being  produced.  Notice  increasing  width  of  space  between  surface 
of  epithelium  (terminal  bars)  and  dentin.  Stainable  material  is  not  yet  present  but  for 
few  granules.  Drawn  with  Bauseh  and  Lomb  Oil  Imm.  UOX.  oe.ri.o,  table  height. 

Fig.  23.  Zone  of  transition  between  |)eriod  of  production  and  of  maturation  of  enamel 
matrix.  .Vmeloblasts  become  reduced  in  height.  Notice  temporary  depolarization  of 
ameloblasts.  Space  between  enamel  epithelium  and  enamel  matrix  and  demarcation  of 
enamel  epithelium  from  stratum  intermedium  disai)pear.  Phot,  with  Zeiss  Oil  Imm.  90X, 
Leitz  periplan.  oc.  12X  with  Leica  camera  in  4  serial  pictures  which  were  put  together  to 
present  survey  of  this  region  at  magnification  of  about  1(X)0X. 
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Fig.  24.  Zone  of  transition  between  peri<tds  of  production  and  of  maturation.  (Jlobular 
material  appears  at  end  of  enamel  i)roduetion  within  both  ameloblasts  and  stratum  cells. 
225X. 

Fig.  25.  Oblique  section  through  enamel  epithelium,  early  enamel  matrix  and  dentin. 
.Stainable  material  of  enamel  matrix  is  seen  from  above.  It  is  laid  down  upon  dentin 
not  in  continuous  layer  but  in  pattern  of  network.  .\zan  stain.  Hy  using  blue  filter  red 
stained  enamel  material  was  made  to  appear  dark  on  grey  background  of  blue  stained 
dentin.  Phot,  with  Zeiss  Oil  Imm.  ‘.K)X,  Leitz  Peroplan.  oc.  8X  with  Leica  camera. 
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Fig.  26.  Tall  amelohlasts  of  normal  Kuinoa  pin  from  Azan  stained  section.  Drawn  with 
Bauseh  and  Lomh  Oil  Imm.  (K)X,  oe.  12. 5X,  table  heinht. 

Fig.  27.  Short  amelohlasts  of  same  animal  in  same  mannifieation  as  amelohlasts  in 
fig.  26.  Notiee  loss  of  heinht  of  cells  without  ehange  in  width  and  in  size  of  nuelei.  Xo 
demarcation  between  amelohlasts  and  stratum  intermedium  eells.  Kach  kind  of  cell 
forms  syncytium.  Intercellular  spaces  between  stratum  cells  are  wider  than  in  preceding 
IK'riod  in  Jig.  26.  ('ells  surrouml  capillaries.  Xo  space  Ix'tween  enamel  epithelium  and 
enamel  matrix.  Latter  is  losing  stainahility  ami  shows  fihrillous  structure. 


Fig.  28.  Longitudinal  section  of  tor)th  of  scorbutic  aniniul  sliowing  1  of  lamellae  with 
pulji,  dentin  and  enamel  space.  Periodontal  cartilage  fills  folds  between  lamellae  of  t(M)th. 
Knamel  matrix  alternates  with  decalcifiable  enamel  depending  on  absence  or  presence  of 
enamel  epithelium.  58X. 

Fig.  29.  Knamel  matrix  is  prevented  from  completing  maturation  where  ameloblasts 
are  absent.  225X. 

Fig.  SO.  Demarcation  of  decalcifiable  enamel  toward  enamel  matrix  corresponds  with 
end  of  enamel  epithelium.  225X. 
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htg.  SI.  KiiiiiiK'l  matrix  in  maturation  proroiiint'  from  riglit  to  left  aide.  I^oss  of  stain- 
alnlity  and  appearanee  of  atrueture.  5d()X. 

h  ly.  S2.  Zone  of  t  ransit  ion  between  produet  ion  and  maturation  of  enamel  m:itri\.  Typi¬ 
cal  ehaiiKe  of  enamel  matrix  l>!‘Kins  at  dc'iitino-enamel  junelion.  I’ant.  with  Ifauaeh  and 
LomI)  Fluoride  Oil  Imm.  40X,  Leitz  IVriplan.  Oe.  ttX,  with  Bantam  (’amera. 
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Mary  Moore,  8,  1614  Locust  St.,  Philadelphia,  Pa. 

T.  E.  Moore,  Ransom  &  Randolph,  Toledo,  Ohio 

A.  L.  Morse,  2,  29  Commonwealth  Ave.,  Boston,  Mass. 

•* **F.  W.  Morse,  2,  Medical  School,  Harvard  U.,  Boston,  Mass. 

A.  H.  Mueller,  3,  30  N.  Michigan  Ave.,  Chicago,  Ill. 

Emil  Mueller,  3,  180  N.  Michigan  Ave.,  Chicago,  Ill. 

R.  E.  Myers,  19,  Dental  School,  U.  of  Louisville,  Louisville,  Ky. 

V.  C.  Myers,  14,  2109  Adelbert  Road,  Cleveland,  Ohio 

R.  E.  Nagle,  2,  358  Commonwealth  Ave.,  Boston,  Mass. 

C.  A.  Nelson,  L.  D.  Caulk  Co.,  Milford,  Del. 

**C.  T.  Nelson,  2,  25  Shattuck  St.,  Boston,  Mass. 

Egon  Neustadt,  1,  133  East  58th  St.,  New  York,  N.  Y. 

Isaac  Neuwibth,  1,  209  East  23rd  St.,  New  York,  N.  Y. 

A.  T.  Newman,  1,  209  East  23rd  St.,  New  York,  N.  Y. 

Anna  C.  Nichols,  5333  Vine  St.,  Philadelphia,  Pa. 

••R.  W.  ^^OBVOLD,  7,  Dental  School,  U.  of  Minnesota,  Minneapolis,  Minn. 

*F.  B.  Noyes,  1,  55  E.  Washington  St.,  Chicago,  Ill. 

H.  J.  Noyes,  3,  55  E.  Washington  St.,  Chicago,  Ill. 

James  Nuceolls,  6,  Dental  School,  U.  of  California,  San  Francisco,  Cal. 

V.  T.  Nylander,  3,  919  N.  Michigan  Ave.,  Chicago,  Ill. 

J.  S.  Cartel,  9,  7  Scenery  Road,  Pittsburgh,  Pa. 

Edith  Oblatt,  1,  27  Durham  Road,  White  Plains,  N.  Y. 

N.  C.  Ochsenhirt,  9,  Jenkins  Arcade,  Pittsburgh,  Pa. 

C.  P.  Oliver,  7,  Zoology  Dept.,  U.  of  Minnesota,  Minneapolis,  Minn. 

O.  A.  Oliver,  33,  1101-1102  Medical  Arts  Bldg.,  Nashville,  Tenn. 

A.  J.  Oppenheim,  1946  Oxford  St.,  Hollywood,  Cal. 

B.  Orban,  3,  1757  W.  Harrison  St.,  Chicago,  Ill. 

J.  T.  O’Rourke,  2,  Tufts  Dental  College,  Boston,  Mass. 

E.  B.  Owen,  10,  906  Olive  St.,  St.  Louis,  Mo. 

W.  C.  OxNER,  11,  Birk’s  Bldg.,  Halifax,  Nova  Scotia 

**G.  C.  Paffenbargeb,  U.  S.  Naval  Med.  Supply  Depot,  Sand  and  Pearl  Sts.,  Brook¬ 
lyn,  N.  Y. 

*B.  B.  Palmer,  1,  667  Madison  St.,  New  York,  N.  Y. 

C.  E.  Palmer,  17,  National  Institute  of  Health,  Bethesda,  Md. 

E.  W.  Paul,  4,  2  College  St.,  Toronto,  Canada 

E.  W.  Pendleton,  3,  1757  W.  Harrison  St.,  Chicago,  Ill. 

St.  j.  Pebbott,  17,  National  Institute  of  Health,  Bethesda,  Md. 
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**H.  W.  Peterson,  29,  6363  St.  Charles  Ave.,  New  Orleans,  La. 

L.  S.  Pettit,  18,  Dental  School,  Ohio  State  U.,  Columbus,  Ohio 

F.  A.  Peyton,  5,  Dental  School,  U.  of  Michigan,  Ann  Arbor,  Mich. 

K.  R.  Pfeiffer,  19,  Dental  School,  U.  of  Louisville,  Louisville,  Ky. 

R.  W.  Phillips,  32,  1121  W.  Michigan  St.,  Indianapolis,  Ind. 

Mathew  Podolin,  560  Delaware  Ave.,  Buffalo,  N.  Y. 

S.  E.  Pond,  2,  Marine  Biological  Lab.,  Woods  Hole,  Mass. 

V.  H.  Powell,  203  Boulevard,  Lake  Charles,  La. 

W.  A.  Price,  14,  8926  Euclid  Ave.,  Cleveland,  Ohio 

Herman  Prinz,  8,  Dental  School,  U.  of  Pennsylvania,  Philadelphia,  Pa. 

T.  E.  Purcell,  10,  3556  Caroline  St.,  St.  Louis,  Mo. 

Samuel  Rabkin,  711  Doctors  Bldg.,  Cincinnati,  Ohio 

Dorothea  F.  Radusch,  7,  909  Metropolitan  Bldg.,  Minneapolis,  Minn. 

•* **S.  J.  Randall,  18,  Ft.  Hayes,  Columbus,  Ohio 

W.  M.  Randall,  14,  Dental  School,  U.  of  Louisville,  Louisville,  Ky. 

H.  E.  Raper,  10,  Albuquerque,  N.  M. 

•*C.  V.  Rault,  Medical  Division,  Navy  Yard,  New  York,  N.  Y. 

K.  W.  Rat,  7,  27  E.  Fourth  St.,  Minneapolis,  Minn. 

G.  J.  Reed,  3,  R.  R.  2,  Kalamazoo,  Mich. 

••J.  S.  Restarski,  3,  Naval  Research  Institute,  National  Medical  Center,  Bethesda,  Md. 
W.  J.  Riley,  15,  502  Medical  Arts  Bldg.,  Winnipeg,  Manitoba 
S.  G.  Ritchie,  11,  36  South  St.,  Halifax,  Nova  Scotia 

L.  F.  Rittershofer,  5,  1103  S.  University  Ave.,  Ann  Arbor,  Mich. 

H.  B.  G.  Robinson,  18,  Dental  School,  Ohio  State  U.,  Columbus,  Ohio 
J.  Ben  Robinson,  20,  Dental  School,  U.  of  Maryland,  Baltimore,  Md. 

•A.  P.  Rogers,  2,  60  Charlesgate,  Boston,  Mass. 

W.  M.  Rogers,  1,  630  West  168th  St.,  New  York,  N.  Y. 

Theodor  Rosebury,  632  West  168th  St.,  New  York,  N.  Y. 

S.  N.  Rosenstein,  1,  630  W.  168th  St.,  New  York,  N.  Y. 

S.  L.  Rosenthal,  8,  Medical  Arts  Bldg.,  Philadelphia,  Pa. 

A.  F.  Romnes,  3,  311  E.  Chicago  Ave.,  Chicago,  Ill. 

C.  E.  Rudolph,  7,  909  Metropolitan  Bldg.,  Minneapolis,  Minn. 

**W.  B.  Ryder,  Jr.,  6,  2000  Van  Ness  Ave.,  San  Francisco,  Cal. 

Irving  Salman,  1,  1188  Grand  Concourse,  New  York,  N.  Y. 

J.  A.  Salzman,  1,  654  Madison  St.,  New  York,  N.  Y. 

B.  G.  Sarnat,  10,  4405  W.  Pine  St.,  St.  Louis,  Mo. 

•M.  I.  ScHAMBERG,  1,  20  East  57th  St.,  New  York,  N.  Y. 

H.  M.  ScHAMP,  Inst,  of  Neurology,  303  E.  Chicago  Ave.,  Chicago  11,  Ill. 

W.  H.  Scherer,  31,  1620  Medical  Arts  Bldg.,  Houston,  Texas 

C.  H.  ScHEU,  14,  14805  Detroit  Ave.,  Cleveland,  Ohio 

**C.  A.  ScHLACK,  17,  U.  S.  Navy  Dental  School,  Bethesda,  Md. 

I.  C.  Schoonover,  17,  National  Bureau  of  Standards,  Washington,  D.  C. 

Isaac  Schour,  3,  808  S.  Wood  St.,  Chicago,  Ill. 

W.  R.  ScHRAM,  3,  311  E.  Chicago  Ave.,  Chicago,  Ill. 

Joseph  Schroff,  1,  119  West  57th  St.,  New  York,  N.  Y. 

F.  W.  Schubert,  6,  Medical  Center,  U.  of  California,  San  Francisco,  Cal. 

Adolph  Schultz,  20,  Medical  School,  Johns  Hopkins  U.,  Baltimore,  Md. 

E.  W.  Schultz,  6,  Stanford  U.,  Palo  Alto,  Cal. 

**D.  B.  Scott,  23,  260  Crittenden  Blvd.,  Rochester,  N.  Y. 
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E.  O.  Scott,  Dental  School,  U.  of  Michigan,  Ann  Arbor,  Mich. 

W.  H.  Sebrell,  Jr.,  17,  National  Institute  of  Health,  Bethesda,  M 
**H.  J.  Sedwick,  Station  Hospital,  Fort  Eustis,  Va. 

Ben  Seidler,  t,  57  West  57th  St.,  New  York,  N.  Y. 

H.  W.  Semans,  18,  Dental  School,  Ohio  State  U.,  Columbus,  Ohio 
Harry  Shapiro,  1,  630  West  168th  St.,  New  York,  N.  Y. 

J.  S.  Shell,  3,  Thos.  Dee  &  Co.,  1900  W.  Kinzie  St.,  Chicago,  Ill. 

Harry  Sicher,  3,  1757  W.  Harrison  St.,  Chicago,  Ill. 

**E.  H.  Siegel,  1,  630  West  168th  St.,  New  York,  N.  Y. 

Hannah  E.  Silbebstein,  23,  260  Crittenden  Blvd.,  Rochester,  N.  Y. 

H.  F.  Silvers,  1,  7  West  96th  St.,  New  York,  N.  Y. 

**W.  J.  Simon,  7,  4933  Second  Ave.,  S.,  Minneapolis,  Minn. 

Nina  Simmonds,  6,  Dental  School,  U.  of  California,  San  Francisco,  Cal. 

N.  F.  Simmons,  630  West  168th  St.,  New  York,  N.  Y. 

F.  V.  Simonton,  450  Sutter  St.,  San  Francisco,  Cal. 

J.  A.  Sinclair,  201-212  Legal  Bldg.,  Ashville,  N.  C. 

W.  G.  Skillen,  3,  311  E.  Chicago  Ave.,  Chicago,  Ill. 

E.  W.  Skinner,  3,  311  E.  Chicago  Ave.,  Chicago,  Ill. 

E.  A.  Sloman,  6,  344  Fourteenth  St.,  San  Francisco,  Cal. 

Margaret  C.  Smith,  Agricultural  Experiment  Station,  U.  of  Arizona,  Tucson,  Ariz. 
E.  V.  Smith,  27,  504  Oakland  Ave.,  Iowa  City,  Iowa 

R.  F.  Sommer,  5,  Dental  School,  U.  of  Michigan,  Ann  Arbor,  Mich. 

Sidney  Sorrin,  1,  745  Fifth  Ave.,  New  York,  N.  Y. 

WiLMER  SouDER,  17,  National  Bureau  of  Standards,  Washington,  D.  C. 

H.  D.  Spangenburg,  Jr.,  18,  59  West  Short  St.,  Worthington,  Ohio 
Benjamin  Spector,  2,  18  Albion  St.,  Newton  Center,  Mass. 

T.  D.  Speidel,  32,  1121  Michigan  St.,  Indianapolis,  Ind. 

E.  S.  Stafne,  7,  Mayo  Clinic,  Rochester,  Minn. 

F.  L.  Stanton,  1,  175  East  79th  St.,  New  York,  N.  Y. 

S.  R.  Steadman,  7,  1201  Lowry  Medical  Arts  Bldg.,  St.  Paul,  Minn. 

Georg  Stein,  1,  730  Fifth  Ave.,  New  York,  N.  Y. 

M.  R.  Stein,  1,  113  West  57th  St.,  New  York,  N.  Y. 

H.  P.  Steinmeyer,  33,  718  Union  Ave.,  Memphis,  Tenn. 

R.  M.  Stephan,  3,  950  East  59th  St.,  Chicago,  Ill. 

•P.  R.  Stillman,  1,  Longwood,  Florida 

E.  R.  Stone,  17,  1726  Eye  St.,  N.  W.,  Washington,  D.  C. 

••R.  A.  Stout,  17,  Walter  Reed  General  Hospital,  Washington,  D.  C. 

L.  R.  Stowe,  1,  32  Buena  Vista  Drive,  Hastings  on  the  Hudson,  N.  Y. 

H.  A.  Swanson,  17,  1726  Eye  St.,  N.  W.,  Washington,  D.  C. 

W.  F.  Swanson,  9,  5326  Pocusset  St.,  Pittsburgh,  Pa. 

J.  T.  Sweeney,  State  Hospital,  Stockton,  Cal. 

W.  T.  Sweeney,  17,  P.  0.  Box  1587,  Pittsburgh,  Pa. 

A.  P.  S.  Sweet,  17,  Naval  Dental  Center,  Bethesda,  Md. 

H.  M.  Swenson,  32,  1121  W.  Michigan  St.,  Indianapolis,  Ind. 

L.  B.  Taber,  6,  291  Geary  St.,  San  Francisco,  Cal. 

M.  L.  Tainter,  6,  33  Riverside  Ave.,  Rensselear,  N.  Y. 

David  Tanchester,  1,  180  West  58th  St.,  New  York,  N.  Y. 

Edward  Taylor,  State  Health  Dept.,  Austin,  Texas 

N.  O.  Taylor,  211  South  12th  St.,  Philadelphia,  Pa. 

**P.  B.  Taylor,  14,  1  Seventy-fourth  St.,  Brooklyn,  N.  Y. 
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**R.  W.  Taylor,  17,  U.  S.  Naval  Dental  School,  Bethesda,  Md. 

W.  E.  Taylor,  9  St.  Barnard  Ave.,  Saranac  Lake,  N.  Y. 

Benjamin  Tenenbaum,  1,  33  West  42nd  St.,  New  York,  N.  Y. 

G.  W.  Teuscher,  3,  311  E.  Chicago  Ave.,  Chicago,  Ill. 

*K.  H.  Thoma,  2,  Medical  School,  Harvard  U.,  Boston,  Mass. 

B.  O.  A.  Thomas,  1,  630  West  168th  St.,  New  York,  N.  Y. 

N.  G.  Thomas,  3,  25  E.  Washington  St.,  Chicago,  Ill. 

H.  S.  Thompson,  4,  18  Summerhill  Gardens,  Toronto,  Canada 

G.  E.  Thompson,  2,  Dental  School,  Harvard  U.,  Boston,  Mass. 

J.  R.  Thompson,  3,  808  S.  Wood  St.,  Chicago,  Ill. 

A.  H.  Throndson,  6,  344  Fourteenth  St.,  San  Francisco,  Cal. 

Sidney  Tiblier,  29,  1141  Canal  Bnk.  Bldg.,  New  Orleans,  La. 

Evelyn  B.  Tilden,  3,  311  E.  Chicago  Ave.,  Chicago,  Ill. 

Benjamin  Tishler,  358  Commonwealth  Ave.,  Boston,  Mass. 

A.  E.  Treloar,  7,  Medical  School,  U.  of  Minnesota,  Minneapolis,  Minn. 

Harry  Trimble,  3,  25  Shattuck  St.,  Boston,  Mass. 

Charles  Tuller,  29,  729  Maison  Blanche,  New  Orleans,  La. 

C.  R.  Turner,  8,  Dental  School,  U.  of  Pennsylvania,  Philadelphia,  Pa. 

S.  D.  Tylman,  3,  185  N.  Wabash  Ave.,  Chicago,  Ill. 

C.  F.  Vallotton,  22,  Medical  College  of  Va.,  Richmond,  Va. 

Grant  Van  Huysen,  32,  1121  W.  Michigan  St.,  Indianapolis,  Ind. 

L.  E.  Van  Kirk,  9,  Jenkins  Arcade,  Pittsburgh,  Pa. 

F.  B.  Vedder,  5,  Dental  School,  Michigan  U.,  Ann  Arbor,  Mich. 

W.  D.  Vehe,  7,  1001  Medical  Arts  Bldg.,  Minneapolis,  Minn. 

R.  F.  Vines,  Research  Lab.,  International  Nickel  Co.,  Bayonne,  N.  J. 

J.  F.  VoLKER,  2,  Dental  School,  Tufts  College,  Boston,  Mass. 

R.  H.  VoLLAND,  27,  First  National  Bnk.  Bldg.,  Iowa  City,  Iowa 
R.  S.  VooRHEES,  23,  311  Alexander  St.,  Rochester,  N.  Y. 

C.  J.  VosMiK,  14,  1338  Keith  Bldg.,  Cleveland,  Ohio 

E.  C.  Wach,  3,  3151  West  59th  St.,  Chicago,  Ill. 

H.  F.  Wahlquist,  7,  835  Medical  Arts  Bldg.,  Minneapolis,  Minn. 

W.  W.  Wainwright,  6,  Dental  School,  U.  of  California,  San  Francisco,  Cal. 

F.  C.  Waite,  14,  144  Locust  St.,  Dover,  N.  H. 

C.  M.  Waldo,  2,  25  Shattuck  St.,  Boston,  Mass. 

C.  F.  Waldron,  7,  Dental  School,  U.  of  Minnesota,  Minneapolis,  Minn. 

D.  A.  Wallace,  3,  222  E.  Superior  St.,  Chicago,  Ill. 

M.  L.  Ward,  5,  Dental  School,  U.  of  Michigan,  Ann  Arbor,  Mich. 

Friedrich  Wassermann,  3,  950  East  59th  St.,  Chicago,  Ill. 

*L.  M.  Waugh,  1,  931  Fifth  Ave.,  New  York,  N.  Y. 

H.  L.  Weatherford,  2,  25  Shattuck  St.,  Boston,  Mass. 

J.  P.  Weinmann,  3,  1757  W.  Harrison  St.,  Chicago,  Ill. 

David  Weisbergfr,  2,  Dental  School,  Harvard  U.,  Boston,  Mass. 

W.  H.  Welker,  3,  1853  W.  Polk  St.,  Chicago,  Ill. 

G.  D.  Wessinger,  3,  1757  W.  Harrison  St.,  Chicago,  Ill. 

L.  G.  Wesson,  2,  131  Park  Drive,  Boston,  Mass. 

R.  C.  Wheeler,  10,  Missouri  Theater  Bldg.,  St.  Louis,  Mo. 

R.  C.  Willett,  3,  535  Jefferson  Bldg.,  Peoria,  Ill. 

J.  B.  Williams,  22,  1000  W.  Grace  St.,  Richmond,  Va. 

**N.  B.  Williams,  Army  Medical  School,  A.  M.  C.,  Washington,  D.  C. 
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Warren  Willman,  3,  1757  W.  Harrison  St.,  Chicago,  Ill. 

G.  R.  Winter,  81  Front  St.,  Binghamton,  N.  Y. 

Edmund  Wise,  Research  Lab.,  International  Nickel  Co.,  Bayonne,  N.  J. 

E.  A.  Wolf,  9,  Dept,  of  Zoology,  Pittsburgh  U.,  Pittsburgh,  Pa. 

F.  J.  Wolfe,  29,  835  Maison  Blanche,  New  Orleans,  La. 

**C.  R.  Wood,  33,  Medical  Arts  Bldg.,  Knoxville,  Tenn. 

**H.  G.  WoR-MAN,  7,  4907  Ewing  Ave.,  S.,  Minneapolis,  Minn. 

W.  H.  Wright,  9,  Dental  School,  Pittsburgh  U.,  Pittsburgh,  Pa. 

W.  L.  Wylie,  14,  2165  Adelbert  Road,  Cleveland,  Ohio 

Wendell  L.  Wtue,  6,  Med.  Center,  U.  of  California,  San  Francisco,  Cal. 

M.  F.  Yates,  2,  Dental  School,  Harvard  U.,  Boston,  Mass. 

E.  G.  Young,  11,  Dalhousie  U.,  Halifax,  Nova  Scotia 

H.  A.  Zander,  2,  Dental  School,  Tufts  College,  Boston,  Mass. 

E.  A.  Zaus,  3,  311  E.  Chicago  Ave.,  Chicago,  Ill. 

E.  V.  Zegarelli,  1,  630  W.  168th  St.,  New  York,  N.  Y. 

R.  C.  Zeisz,  6,  490  Post  St.,  San  Francisco,  Cal. 

J.  L.  Zemsky,  1,  147  Fourth  Ave.,  New  York,  N.  Y. 

D.  E.  ZisKiN,  1,  630  West  168th  St.,  New  York,  N.  Y. 

Total  number  of  North  American  members — 523. 

2.  section  membership,  sections  numbered  and  arranged  in  the  order  of  their 

ESTABLISHMENT 

1.  New  York — Edmund  Applebaum,  H.  A.  Bartels,  Adolph  Berger,  F.  E.  Beube,  Gerrit 
Bevelander,  Theodor  Blum,  C.  F.  Bodecker,  W.  A.  Bossert,  Carl  Breitner,  R.  H.  Brodsky, 
Morris  Buchbinder,  L.  R.  Cabn,  M.  W.  Carr,  G.  W.  Clapp,  C.  G.  Darlington, 
Moses  Diamond,  H.  S.  Dunning,  W.  B.  Dunning,  B.  R.  East,  Lewis  Fox,  W.  J.  Gies,  W.  K. 
Gregory,  Milo  Heilman,  Samuel  Hemley,  C.  J.  Henschel,  Isadore  Hirschfeld,  Franklin 
Hollander,  Houghton  Holliday,  R.  G.  Hutchinson,  Jr.,  T.  P.  Hyatt,  Theodore  Kaletsky, 
Maxwell  Karshan,  T.  B.  King,  Meyer  Klatsky,  Frances  Krasnow,  William  Lefkowitz, 
H.  J.  Leonard,  E.  C.  McBeath,  J.  O.  McCall,  A.  H.  Merritt,  E.  G.  Miller,  Jr.,  S.  C.  Miller, 
Egon  Neustadt,  Isaac  Neuwirth  (Secretary),  A.  T.  Newman,  Edith  Oblatt,  B.  B.  Palmer, 
W.  M.  Rogers,  Theodor  Rosebury,  S.  N.  Rosenstein,  Irving  Salman,  J.  A.  Salzman,  M.  I. 
Schamberg,  Joseph  Schroff,  Ben  Seidler,  H.  H.  Shapiro,  E.  H.  Siegel,  H.  F.  Silvers,  Sidney 
Sorrin,  F.  L.  Stanton,  Georg  Stein,  M.  R.  Stein,  P.  R.  Stillman,  L.  R.  Stowe,  David  Tan- 
chester,  Benjamin Tenenbaum,  B.  O.  A.  Thomas,  L.  M.  Waugh  (Councillor),  E.  V.  Zegarelli, 

J.  L.  Zemsky,  D.  E.  Ziskin. — 71. 

i.  Boston — B.  G.  Anderson,  L.  W.  Baker,  B.  G.  Bibby  (Councillor),  D.  D.  Bloom,  F.  R. 
Blumenthal,  F.  H.  Cushman,  F.  H.  Daley,  M.  L.  Deakins,  M.  D.  Elliott,  Irving  Glickman, 
H.  M.  Goldman,  J.  C.  Healey,  E.  A.  Hooton,  P.  R.  Howe,  V.  H.  Kazanjian,  P.  A.  Leavitt, 
P.  K.  Losch,  H.  I.  Margolis,  Howard  Majerison,  F.  P.  McCarthy,  L.  M.  S.  Miner,  A.  L. 
Morse,  F.  W.  Morse,  R.  J.  Nagel,  C.  T.  Nelson,  J.  T.  O’Rourke,  S.  E.  Pond,  A.  P.  Rogers, 
Benjamin  Spector,  K.  H.  Thoma,  G.  E.  Thompson  (Secretary),  Harry  Trimble,  J.  F. 
Volker,  Charles  Waldo,  H.  L.  Weatherford,  David  Weisberger,  L.  G.  Wesson,  M.  F.  Yates, 
H.  A.  Zander. — 39 

3.  Chicago — H.  H.  Asher,  Olaf  Bergheim,  R.  E.  Blackwell,  J.  R.  Blayney,  E.  P.  Boulger, 

S.  F.  Bradel,  A.  G.  Brodie  (Councillor),  D.  Y.  Burrill,  Philip  Burwasser,  J.  C.  Calandra, 
R.  S.  Claflin,  E.  D.  Coolidge,  E.  N.  Cooper,  A.  A.  Dahlberg,  G.  B.  Denton,  P.  S.  Faillo, 
W.  A.  Figg,  L.  S.  Fosdick,  C.  W.  Freeman,  Smith  Freeman,  B.  J.  Frey,  Carolyn  Hammond, 


*  Charter  member. 

**  In  the  armed  services. 
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R.  W,  Harrison,  C.  E.  Hatch,  E.  H.  Hatton,  Elizabeth  S.  Hemmens,  Fred  Herzberg,  M.  M. 
Hoffman,  J.  R.  Jarabak,  L.  R.  Johnson,  F.  F.  Kanthak,  R.  G.  Kesel,  R.  L.  Lasater,  A.B. 
Luckhardt,  G.  R.  Lundquist,  Maury  Massler,  A.  H.  Mueller,  Emil  Mueller,  F.  B.  Noyes, 
H.  J.  Noyes,  V.  T.  Nylander,  Balint  Orban,  E,  C.  Pendleton,  J.  S.  Restarski,  A.  F.  Romnes, 
Isaac  Schour,  W.  R.  Schram,  J.  S.  Shell,  Harry  Sicher,  W.  G.  Skillen,  E.  W.  Skinner,  R.  M. 
Stephan  (Secretary),  G.  W.  Teuscher,  N.  G.  Thomas,  J.  R.  Thompson,  Evelyn  Tilden,  S.  D. 
Tylman,  E.  C.  Wach,  D.  A.  Wallace,  Friedrich  Wassermann,  J.  P.  Weinmann,  W.  H.  Welker, 
G.  D.  Wessinger,  R.  C.  Willett,  Warren  Willman,  E.  A.  Zaus. — 66. 

4.  Toronto — H.  K.  Box,  A.  J.  Broughton,  Thomas  Cowling,  A.  W.  Ellis  (Secretary), 
R.  G.  Ellis,  G.  W.  Grieve,  F.  C.  Husband,  A.  D.  Mason  (Councillor),  E.  W.  Paul,  H.  S. 
Thomson. — 10. 

6.  Ann  Arbor — R.  W.  Bunting,  Mary  C.  Crowley,  M.  C.  Dixon,  K.  R.  Easlik,  J.  O. 
Goodsell,  Philip  Jay  (Secretary,  Councillor),  P.  H.  Jeserich,  D.  A.  Kerr,  R.  H.Kingery, 
G.  R.  Moore,  F.  A.  Peyton,  L.  F.  Rittershofer,  R.  F.  Sommer,  F.  B.  Vedder, 
M.  L.  Ward. — 15. 

6.  San  Fronctsco— Hermann  Becks,  Sidney  Epstein  (Secretary),  W.  C.  Fleming  (Council¬ 
lor),  J.  R.  Gill,  G.  M.  Hollenbeck,  G.  A.  Hughes,  E.  B.  Jump,  A.  J.  Ker,  G.  S.  Millberry, 
James  Nuckolls,  W.  B.  Ryder,  Jr.,  F.  W.  Schubert,  E.  W.  Schultz,  Nina  Simmonds,  E.  A. 
Sloman,  L.  R.  Taber,  M.  L.  Tainer,  A.  H.  Throndson,  W.  W.  Wainwright,  Wendell  L. 
Wylie,  R.  C.  Zeisz. — 21. 

7.  Minnesota — W.  D.  Armstrong,  L.  T.  Austin,  E.  S.  Best,  P.  J.  Brekhus  (Councillor), 
J.  T.  Cohen,  I.  A.  Epstein,  Charlotte  Fisk,  A.  O.  Hubbell,  J.  W.  Knutson,  W.  F.  Lasby, 
A.  P.  Lund,  J.  A.  Milhon,  G.  A.  Montelius  (Secretary),  R.  W.  Norwold,  C.  P.  Oliver,  C.  E. 
Rudolph,  Dorothy  F.  Radusch,  K.  W.  Ray,  W.  J.  Simon,  E.  S.  Stafne,  S.  R.  Steadman, 

A.  E.  Treloar,  W.  D.  Vehe,  H.  F.  Wahlquist,  C.  F.  Waldron,  H.  G.  Worman. — 26. 

8.  Philadelphia — J.  L.  T.  Appleton  (Councillor),  P.  E.  Boyle,  L.  W.  Burkett,  H.  R. 
Churchill,  T.  J.  Cook  (Secretary),  W.  S.  Crowell,  W.  E.  Ehrich,  L.  M.  Ennis,  A.  H.  Gabel, 
J.  T.  Gore,  L.  I.  Grossman,  R.  H.  Ivy,  J.  V.  Mershon,  H.  A.  Miller,  Mary  Moore,  Herman 
Prinz,  S.  L.  Rosenthal,  C.  R.  Turner. — 18. 

9.  Pittsburgh — W.  H.  Archer,  T.  W.  Brand,  G.  J.  Cox,  J.  J.  Enright,  W.  L.  Fickes,  F.  C. 
Fricsell,  H.  E.  Friesell  (Councillor),  Faith  P.  Hadley,  T.  F.  McBride,  E.  G.  Meisel,  J.  S. 
Oartel,  N.  C.  Ochsenhirt,  W.  F.  Swanson,  L.  E.  Van  Kirk  (Secretary),  E.  A.  Wolfe,  W.  H. 
Wright. — 16. 

10.  St.  Louis — William  Bauer,  R.  F.  Bleiker  (Secretary),  L.  R.  Boling,  E.  P.  Brady, 
O.  W.  Brandhorst,  Kermit  Christensen,  L.  H.  Garrison,  W.  B.  Gurley,  E.  H.  Keys,  W.  E. 
Koch,  B.  E.  Lischer,  L.  R.  Main,  E.  B.  Owen,  T.  W.  Purcell,  H.  R.  Raper,  B.  G.  Samat, 
R.  S.  Wheeler  (Councillor). — 17. 

11.  Halifax — J.  S.  Bagnall  (Councillor),  R.  J.  Bean,  H.  M.  Eaton,  A.  W.  Faulkner,  A. 

B.  Haverstack,  Donald  Mainland,  W.  C.  Oxncr,  S.  G.  Ritchie  (Secretary),  E.  G.  Young. — 9. 

12.  Vienna — Arw’ed  Berg,  Fritz  Driak  (Secretary),  Richard  Grohs,  Otto  Hofer,  Her¬ 
mann  Mathis,  Hans  Pickier,  Otto  Preissecker,  Franz  Schdnbauer,  A.  M.  Schwartz,  Karl 
Spring,  Richard  Trauner  (Councillor),  Hermann  Wolf. — 12. 

IS.  Neto  Haven — Discontinued  1940. 

14.  Cleveland — B.  H.  Broadbent,  S.  W.  Chase  (Secretary),  R.  P.  Dressel,  C.  C.  Gilkison, 
T.  J.  Hill  (Councillor),  A.  H.  Kniessner,  A.  W.  Mann,  V.  C.  Myers,  W.  A.  Price,  C.  H. 
Scheu,  P.  B.  Taylor,  C.  J.  Vosmik,  F.  C.  Waite,  W.  L.  Wylie. — 14. 

15.  Winnipeg — E.  R.  Bier  (Secretary),  M.  H.  Garvin,  K.  M.  Johnson,  H.  J.  Merkeley 
(Councillor),  W.  J.  Riley. — 5. 

16.  London — Arthur  Bulleid,  J.  F.  Colyer,  E.  B.  Dowsett,  E.  W.  Fish,  C.  W.  Howkins, 
G.  B.  Pritchard,  M.  A.  Rushton,  Evelyn  Sprawson  (Secretary,  Councillor),  Joseph 
Turner. — 9. 

17.  Washington — F.  A.  Arnold  (Councillor),  J.  E.  Ash,  Ronald  Barber,  J.  R.  Beall,  C. 
Willard  Camalier,  H.  J.  Caul,  S.  D.  Collins,  A.  B.  Crane,  H.  Trendley  Dean,  George  Dick¬ 
son,  Victor  H.  Dietz,  Elias  Elvove,  V.  Edwin  Erikson,  L.  C.  Fairbank,  H.  T.  Fraser,  H. 
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McK.  Gafafer,  Raleigh  Gilchrist,  M.  A.  Goldberg,  Peter  Hidnert,  L.  H.  James,  L.  G.  Jordan, 
Harry  Kaplan,  R.  A.  Keilty,  Henry  Klein,  H.  W.  Krogh  (Secretary),  R.  T.  Lowry,  D.  F. 
Lynch,  F.  J.  McClure,  S.  V.  Mead,  C.  E.  Palmer,  G.  St.  J.  Perrott,  C.  A.  Schlack,  I.  G. 
Schoonover,  W.  H.  Sebrell,  Wilmer  Souder,  E.  R.  Stone,  R.  A.  Stout,  H.  A.  Swanson, 
W.  T.  Sweeney,  A.  P.  S.  Sweet,  R.  W,  Taylor. — 41. 

18.  Columbus — C.  O.  Boucher,  J.  B.  Brown,  H.  V.  Cottrell,  L.  F.  Edwards,  W.  C.  Gra¬ 
ham,  J.  H.  Kaiser  (Councillor),  P.  C.  Kitchin,  H.  W.  MacMillan,  R.  D.  McFarland  (Secre¬ 
tary),  L.  S.  Pettit,  S.  J.  Randall,  H.  B.  G.  Robinson,  H.  M.  Semans,  H.  D.  Spangenburg, 
Jr. — 14. 

19.  Louisville — G.  B.  Diefenbach,  Brooks  Juett,  H.  T.  Knighton,  R.  E.  Myers  (Secre¬ 
tary),  K.  R.  Pfeiffer,  W.  M.  Randall. — 6. 

20.  Prague — Karel  Cerny,  Karl  Haupl,  Jdn  Jesensk^,  FrantiSek  Koste^ka,  Jaromir 
Kfeian,  A.  E.  Loos,  F.  Ndprstek,  Friedrich  Neumann  (Secretary,  Councillor),  Franti§ek 
Neuwirth,  Cestimir  Parma,  Josef  Pfibyl,  Ferdinand  Skaloud,  Karel  Wachsmann,  Hans 
Wermuth. — 14. 

21.  Baltimore — M.  S.  Aisenberg  (Secretary,  Councillor),  G.  M.  Anderson,  E.  C.  Dobbs, 
Harold  Golton,  W.  E.  Hahn,  H.  E.  Kelsey,  E.  V.  McCollum,  M.  W.  McCrea,  J.  Ben  Robin¬ 
son,  Adolph  Schultz. — 10. 

22.  Richmond — S.  S.  Arnim  (Councillor),  Harry  Bear,  A.  D.  Brashear,  O.  W.  Clough, 
H.  D.  Coy,  A.  H.  Fee,  J.  C.  Forbes,  A.  P.  Little  (Secretary),  R.  A.  Logan,  Harry  Lyons, 
C.  F.  Vallotton,  J.  B.  Williams. — 12. 

25.  Rochester — P.  P.  Dale,  S.  B.  Finn,  H.  C.  Hodge,  P.  S.  Lalonde,  H.  B.  McCauley 
(Secretary,  Councillor),  D.  B.  Scott,  Hannah  Silberstein,  R.  S.  Voorhees. — 8. 

24.  Budapest — KAroly  Balogh,  Istv&n  Bdnhegyi,  B61a  Bonyhfird,  Jdnos  Brand,  B61a  de 
Simon,  KAroly  Ferenczy,  Dezso  Hattysazy,  Oszkdr  Komives,  Ferenc  Koszeg  (Secretary), 
Ervin  Landgraf,  Guzt^v  Morelli,  Rudolph  Rehdk,  Henrik  Salamon,  LAszld  Sug^ir,  Steven 
Varga,  D6nes  von  ^Rlthd. — 16. 

26.  Chengtu — Mary  C.  Agnew  (Mrs.  R.  G.),  R.  G.  Agnew  (Secretary,  Councillor),  H. 
B.  Collier,  L.  G.  Kilborn,  A.  W.  Lindsay,  H.  J.  Mullet. — 6. 

26.  Johannesburg — G.  Friel,  J.  T.  Irving,  J.  N.  Noriskin  (Councillor),  T.  Ockersee, 
T.  W.  Osborn,  J.  C.  M.  Shaw,  Julius  Staz  (Secretary),  W.  A.  Wilson. — 8. 

27.  Iowa  City — J.  C.  Brauer,  A.  W.  Bryan  (Councillor),  V.  D.  Cheyne,  G.  S.  Easton, 
L.  B.  Higley,  W.  R.  Kem,  A.  O.  Klaffenbach  (Secretary),  R.  V.  Smith,  R.  H.  Volland. — 9. 

28.  Detroit — Horton  Kimball,  S.  J.  Lewis  (Secretary),  P.  C.  Lowery  (Councillor). — 3. 

29.  New  Orleans — J.  T.  Ginn  (Secretary),  Emmerich  Kotanyi,  H.  W.  Peterson,  S.  L. 
Tiblier  (Councillor),  C.  S.  Tuller,  F.  J.  Wolfe. — 6. 

50.  Palestine — Geinrich  Berger,  Hugo  Brasch,  Ernst  Kellner,  Samuel  Lewin-Epstein 
(Secretary,  Councillor),  Ervin  Mansbach,  Abraham  Sussman,  Jacob  Yardeni. — 7. 

51.  Houston — F.  C.  Elliott  (Secretary),  W.  H.  Scherer. — 2. 

52.  Indianapolis — D.  A.  Boyd,  W.  H.  Crawford,  G.  T.  Gregory,  J.  Frank  Hall,  H.  J. 
Healey,  M.  K.  Hine,  R.  W.  Phillips  (Secretary),  T.  D.  Speidel,  H.  M.  Swenson,  Grant  Van 
Huysen  (Councillor). — 10. 

SS.  Tennessee — M.  Don  Clawson,  Marguerite  Dean,  R.  A.  Dean,  E.  A.  Jasper  (Secretary), 

O.  A.  Oliver  (Councillor),  H.  P.  Steinmeyer,  C.  R.  Wood. — 7. 

Section  membership — 527,  listed  in  32  sections.  Average  membership  per  section — 16. 

Dental  Materials  Group* — Ronald  Barber,  J.  R.  Beall,  S.  F.  Bradel,  R.  L.  Coleman, 

P.  F.  Collins,  H.  D.  Coy,  W.  H.  Crawford,  W.  S.  Crowell,  G.  S.  Easton,  F.  C.  Elliott,  A.  H. 
Gabel,  M.  Goldberg,  G.  M.  Hollenbeck,  W.  B.  Holmes,  E.  J.  Molnar,  T.  E.  Moore,  R.  E. 
Myers,  Clyde  Nelson,  G.  C.  Paffenbarger,  F.  A.  Peyton  (Secretary),  R.  W.  Phillips,  K.  W. 
Ray,  I.  C.  Schoonover,  J.  S.  Shell,  E.  W.  Skinner  (Councillor),  Wilmer  Souder, 


Members  of  the  Materials  Group  may  and  in  most  instances  do  belong  to  Sections. 
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J.  T.  Sweeney,  W.  T.  Sweeney,  N.  O.  Taylor,  P.  B.  Taylor,  S.  D.  Tylman,  Raymond  Vines, 
M.  L.  Ward,  E.  M.  Wise,  H.  K.  Worner. — 35. 

Residents  of  North  America,  but  not  now  members  of  a  Section — Frank  Allen,  S.  R.  Atkin¬ 
son,  M.  C.  Berman,  J.  L.  Bernier,  S.  N.  Blackberg,  R.  E.  Brawley,  H.  C.  Brown,  J.  C. 
Brown,  C.  G.  Bum,  A.  J,  Bush,  C.  P.  Canby,  R.  L.  Coleman,  P.  F.  Collins,  K.  H.  Cross, 
W.  M.  Davis,  C.  F.  Deatherage,  J.  A.  Detlefsen,  H.  S.  Dwyer,  Ralph  Edwards,  L.  L.  Eisen- 
brandt,  B.  Gottlieb,  E.  R.  Granger,  Gustav  Haber,  Edward  Hampp,  H.  L.  Hansen,  L.  P. 
Hartley,  H.  E.  Harvey,  R.  L.  Hayes,  W.  E.  Holmes,  B.  L.  Hooper,  Martha  R.  Jones,  Oscar 
Kanner,  W.  F.  Koss,  Melvin  Land,  R.  W.  Leigh,  Victor  Levine,  R.  S.  Manly,  J.  B.  Mann, 
J.  F.  McClendon,  F.  S.  McKay,  Albert  Midgley,  R.  J.  Molnar,  T.  E.  Moore,  C.  A.  Nelson, 
Anna  C.  Nichols,  A.  J.  Oppenheim,  G.  C.  Paffenbarger,  Mathew  Podolin,  V.  H.  Powell, 
Samuel  Rabkin,  C.  V.  Rault,  G.  J.  Reed,  H.  M.  Schamp,  E.  O.  Scott,  H.  J.  Sedwick,  N.  F. 
Simmons,  F.  V.  Simonton,  J.  A.  Sinclair,  Margaret  C.  Smith,  J.  T.  Sweeney,  Edward 
Taylor,  N.  O.  Taylor,  W.  E.  Taylor,  Benjamin  Tischler,  R.  F.  Vines,  N.  B.  Williams,  G.  R. 
Winter,  Edmund  Wise. — Total  68. 

Not  residents  of  North  America  and  not  now  members  of  a  Section — J.  L.  Boots,  Fernando 
Lara  Brava,  Ove  Brinch,  Gyula  Csernyei,  C.  D.  M.  Day,  Jorge  Erausquin,  Guido  Fischer, 
S.  F.  Gottlich,  Walter  Hess,  R.  E.  T.  Hewat,  J.  J.  Holst,  G.  Y.  Hildebrand,  Erode  Hilming, 
H.  F.  Humphreys,  T.  E.  de  Jonge-Cohen,  Gustav  Korkhaus,  G.  D.  Maephee,  Maurine  W. 
Miiller,  Pekka  Nironen,  Silvio  Palazzi,  P.  O.  Pederson,  Paul  Pincus,  Friedrich  Proell, 
F.  M.  Pucci,  Inghold  Reichborn,  Elkan  Sanders,  Reidev  Sognnaes,  J.  C.  Sartori,  Guttrom 
Toverud,  Robert  Weaver,  Rudolph  Weber,  J.  J.  Wolfe,  H.  K.  Worner. — 33. 

Total  membership  as  of  Dec.  1,  1944 — 628. 

III.  BOOKS  RECEIVED,  1944 

American  Dental  Association,  Accepted  Dental  Remedies,  10th  Ed.  (Chicago,  Am.  D' 
Assoc.:  1944),  pp.  306. 

Bodecker,  C.  F.,  Fundamentals  of  Dental  Histology  and  Embryology  (New  York,  Columbia 
University  Press:  1944). 

Darlington,  C.  G.,  Wilson,  G.  W.,  Waldron,  C.  W.,  Tylman,  S.  D.,  Moore,  G.  R.,  and 
Miller,  H.  C.,  The  1943  Year  Book  of  Dentistry  (Chicago,  Year  Book  Publishers :  1943)  pp.  708. 

Fry,  K.  W.,  Shepherd,  P.  R.,  McLeod,  A.  C.  and  Parfitt,  G.  J.,  The  Dental  Treatment  of 
Maxillo-Facial  Injuries  (Philadelphia,  Lippincott  Co.:  1944). 

Massler,  M.,  and  Schour,  I.,  Atlas  of  the  Mouth  (Chicago,  American  Dental  Association 
1944)  49  Plates. 
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^i^RASION :  dentin,  59 
Acid -.caries,  257 

- :  saliva;  amylolytic  enzjrmes,  85 

- : - ;  proteolytic  enzymes,  81 

- : - ;  synthetic  vitamin  K,  31 

- : - ;  vitamins,  23, 31 

Acrylic  resin:  denture  base,  198* 

- :  tooth  restorations,  198* 

Aisenberq,  M.  S.:  poliomyelitis;  dental 
pulp, 210* 

Allen,  E.  F. :  extraction;  causes,  453 
Amalgam:  condensation,  198* 

- :  flow,  199* 

Amler,  M.  :  dentin ;  radioactive  studies,  151* 
Amphetamine :  pain,  337 
Amylolysis :  saliva,  267 
Anesthetic:  local,  151* 

- : - ;  case  histories,  195* 

- : - ;  sterility,  217* 

Applebaum,  E.:  epithelial  sheath;  func¬ 
tional  cycle,  45 

Arnold,  F.  A.:  caries;  topical  fluoride,  155, 
206* 

Aviation :  dentistry,  196* 

DACTERIA:  mutation,  375 

- :  pulp,  214* 

- .  See  also  speciflc  names. 

Bales,  M.  S.:  enamel  defects;  systemic 
disease,  220* 

Bauer,  W.  H.:  cylindroma;  histogenesis, 
192* 

Becks,  H.:  bone  growth;  hormones,  211* 

- :  epiphyseal  cartilages;  hormones,  211* 

- :  rampant  caries,  210* 

- :  saliva;  calcium -phosphorus,  212* 

- : - ;  calcium-phosphorus  ratio,  211* 

Beldino,  L.  J.:  bacterial  mutation;  diet, 
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Beldino,  P.  H.:  bacterial  mutation;  diet, 
375 

Belkakis,  E.  C.:  plastic  filling  material; 
caries,  196* 

Bevelander,  G.:  dentin;  radioactive 
studies,  151* 


Bibby,  B.  G.  :  fluoride ;  tooth  solubility,  202* 

- :  yeast;  elimination  from  mouth,  51 

Blood  studies:  periodontoclasia,  190* 
Bodecker,  C.  F.:  papillectomy;  tooth  for¬ 
mation,  203*,  345 
Bone :  fracture,  219* 

- :  growth;  hormones,  211* 

- :  rachitic;  parathyroid  hormone,  192* 

- .  See  also  osteo-. 

Books:  received,  524 
Bradley,  J.  L.:  pulp;  pain,  212* 

Breitner,  C.:  first  molar;  developing  den¬ 
tition,  213* 
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213* 

Brekhus,  P.  j.  :  congenitally  missing  teeth, 
117. 

- :  osteogenic  sarcoma;  mandible,  218* 
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therapy,  214* 
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- : - ;  caries,  101 
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technic.  111 

Burbill,  D.  Y.:  pain;  amphetamine,  337 
- :  pulp;  pain,  212* 

^ALANDRA,  J.  C.:  salivary  acid  forma¬ 
tion  ;  synthetic  vitamin  K,  31 

- : - ;  vitamins,  23 

Calcium:  saliva,  211*,  212*,  220* 

Calculus:  dissolution,  189*,  313 
Calgon:  periodontal  treatment,  189*,  313 
Caries :  artificial,  216* 
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- :  cotton  rat,  417 

- :  diabetes,  317 

- :  diet,  207* 

- :  enamel,  169, 215*,  379 

- :  extraction,  453 
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- ;  fissures  and  pits,  89, 101 

- :  fluoride  155,  206*,  209*,  445 

- :  hamster,  209*,  439, 445 


'Abbreviations  used:  I.  A.  D.  R. — International  Association  for  Dental  Research; 
J.  D.  R. — Journal  of  Dental  Research. 
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- :  heredity,  205*,  206*,  385 

- :  histology,  141, 204* 

- :  hypoplasia,  220* 

- :  Johannesburg  Indians,  221* 

- :  monkey,  208* 

- :  pH,  257 

- :  organic  matrix,  215* 
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- :  rampant,  210* 
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Cascellius:  dentistry,  191* 
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- :  fat;  pulp,  216* 

- : fracture,  219* 

- :  papillectomy,  203,  204*,  345 

- :  radioactive  studies,  151* 

- :  reaction;  visualization,  197* 

- :  ultramicroscopic  stmctures,  239 
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Diabetes :  caries,  317 
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- : - ;  amylolysis,  267 
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- :  fracture,  219* 
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- :  papillectomy,  203*,  204*,  345 

- :  prisms;  course, 39, 217* 

- :  reaction;  visualization,  197* 

- :  solubility;  fluoride,  202* 

- :  ultramicroscopic  stmctures,  239 

Enzymes;  amylolytic;  salivary  acid,  85 

- :  proteolytic;  salivary  acid,  81 

Epiphyseal  cartilages:  hormone,  211* 
Epithelium :  leukocytes,  459 
Epithelial  attachment:  periodontal  fibers, 
177 

Epithelial  sheath :  functional  cycle,  45 
Emption:  diabetes,  317 
- :  fluoride,  247 

Erwin,  W.  G.:  caries;  heredity,  205*,  385 
Evans,  H.  M.  :  bone  growth;  hormones,  211* 
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metaphosphate,  189*,  309 
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- :  dentition,  213* 

- :  diabetes,  317 
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- : - ;  imperfect,  194* 
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- :  fat;  dentin  and  pulp,  216* 
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Heredity:  caries,  205*,  206*,  385 
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219* 
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- : - ;  J.D.R.,225 
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- : - ;  necrology,  221 
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439, 445 

- : - ;  dentition,  208*,  427 
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Margolis,  H.  I.:  incisor  inclination;  chin, 
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- :  hereditary  dental  morphogenesis  im¬ 
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Moose,  S.  M.:  local  anesthetic  case  his¬ 
tories,  195* 
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Necrology:  I.  A.  D.  R.,  221 
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Noyes,  H.  J.:  inclination  angle;  incisors, 
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Oliveb,  C.  P.:  congenitally  missing  teeth, 
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mouth,  1 
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Osteofibrosis,  153* 

pH :  caries,  257 
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Pain :  amphetamine,  337 
- :  pulp,  212* 
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denture  prosthesis,  188* 
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Rickets :  parathyroid  hormone,  192* 
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Rushing,  C.  H.:  inclination  angle;  incisors, 
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ScHOUR,  I.:  fracture;  bone;  dentin;  enamel, 
219* 

- :  growth; facial; alizarine, 217* 
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192* 

Schwartz,  H.:  measurement;  cephalo¬ 
metric,  219* 

ScHWEiOERT,  B.  S.:  cotton  rat;  caries,  417 
Scott,  D.  B.:  caries;  bilateral  incidence,  105 
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Simms,  H.  A.:  inclination  angle;  incisors, 
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*  Abstract. 


INTERNATIONAL  ASSOCIATION  FOR  DENTAL  RESEARCH 

Organized:  New  York  City,  Dec.  10,  1920.  Of  those  at  the  meeting  of  organi¬ 
zation,  the  following  remain  active  members:  Adolph  Berger,  Theodor  Blum, 
G.  W.  Clapp,  H.  S.  Dunning,  W.  J.  Gies,  R.  G.  Hutchinson,  Jr.;  T.  P.  Hyatt, 
Milo  Heilman,  A.  H.  Merritt,  B.  B.  Palmer,  P.  R.  Stillman,  L.  M.  Waugh. 

General  Meetings  have  been  held  on  this  schedule:  (1)  New  York,  Dec.  21,  ’22. 
(2)  Chicago,  Mar.  7,  ’24.  (3)  Chicago,  Mar.  20,  ’25.  (4)  Chicago,  Mar.  26,  ’26. 

(5)  New  York,  Apr.  19,  ’27.  (6)  Washington,  Mar.  25-28,  ’28.  (7)  Chicago, 

Mar.  23-24,  ’29.  (8)  Toronto,  Mar.  24-26,  ’30.  (9)  Mempliis,  Mar.  21-22,  ’31. 
(10)  Columbus,  Mar.  19-20,  ’32.  (11)  Chicago,  Mar.  18-19,  ’33;  adjourned 
executive  session.  New  York,  May  25,  ’33.  (12)  Chicago,  Mar.  17-18,  ’34. 
(13)  Chicago,  Mar.  16-17,  ’35.  (14)  Louisville,  Mar.  14-15,  ’36.  (15)  Balti¬ 
more,  Mar.  13-14,  ’37.  (16)  Minneapolis,  Mar.  12-13,  ’38.  (17)  Cleveland, 
Mar.  18-19,  ’39.  (18)  Pliiladelphia,  Mar.  13-14,  ’40.  (19)  St.  Louis,  Mar. 
15-16,  ’41.  (20)  New  York,  Mar.  14-15,  ’42.  (21)  Chicago,  Mar.  13-15,  ’43. 
(22)  Chicago,  Mar.  18-19,  ’44. 

Objects  {Const.,  Art.  II): . . .  “(a)  To  promote  broadly  the  advancement  of 
active  research  in  all  branches  of  dental  science  and  in  related  phases  of  the 
sciences  that  contribute  directly  to  the  development  of  dentistry,  and  which  add 
to  the  knowledge  of  the  mouth  and  teeth  and  of  their  relations  to  the  body  as  a 
whole; ...  (b)  to  encourage  and  facilitate  cooperative  effort  and  achievement  by, 
and  mutual  helpfulness  among,  investigators  in  all  nations  in  everj'  division  of 
stomatology;  (c)  to  the  end,  particularly,  that  dentistry  may  render  cumulatively 
more  perfect  service  to  humanity.”  (The  Association  has  been  using  “dentistry” 
and  “stomatology”  as  S3monyms.) 

Membership:  total  (Dec.  1,  1944),  628.  Eligibility  {Const.,  Art.  14,  Sec.  1). — 
“Any  person  who  has  conducted,  and  published  an  account  of,  a  meritorious 
original  investigation  in  dental  science,  or  in  any  of  the  sciences  contributory  to 
stomatologj',  shall  be  eligible  to  membership  in  this  Association,  providing  such 
person  conforms  to  the  recognized  standards  of  professional  ethics.”  Election. — 
New  members  may  be  elected  only  at  general  meetings  of  the  Association.  Mem¬ 
bership  in  a  section  is  secondary  to  membership  in  the  Association  as  a  whole. 
Removal  of  members  from  one  geographic  center  to  another  does  not  affect 
their  membership  in  the  Association. 

Endowment  fund  of  the  International  Association  for  Denial  Research  (as  of 
Dec.  1,  1944):  $1,370.98.  There  have  been  no  expenditures  from  this  fund. 

Divisions  may  b«  organized  by  the  members  in  any  nation.  There  are  now 
divisions  in  Canada,  China,  England,  Germany,  Hungary,  Palestine,  South 
Africa,  and  the  United  States — 8.  Sections  may  be  organized  by  the  members  in 
geographic  centers  within  the  divisions.  There  are  now  sections  (32)  in  Vienna 
(’29);  Halifax  (’28),  Toronto  (’21),  Winnip)eg  (’30);  Chengtu  (’34);  Prague 
(’32);  London  (’31);  Budapest  (’34);  Johannesburg  (’34);  Palestine  (’39); 
Ann  Arbor  (’23),  B^timore  (’33),  Boston  (’20),  Chicago  (’20),  Cleveland  C30), 
Columbus  (’32),  Detroit  (’37),  Houston  (’39),  Indianapolis  (’41),  Iowa  City 
(’36),  Louisville  (’32),  Minnesota  (’28),  New  Orleans  (’37),  New  York  (’20), 
PMladelphia  (’28),  Pittsburgh  (’28),  Richmond  (’33),  Rochester  (’33),  St.  Louis 
(’28),  San  Francisco  (’24),  Tennessee  (’44),  Washington,  D.  C.  (’31).  The 
names  of  the  secretaries  are  given  on  p.  2  of  this  cover. 

Sectional  meetings  in  1944  were  held  on  the  following  schedules  as  reported 
by  sectional  secretaries:  Boston — January  24,  March  13,  May  1,  November  and 
December.  Chicago — January  14,  May  12,  October  13,  December  8.  Min¬ 
nesota — May  12,  November  12.  New  York — January  27.  Philadelphia — April 
14.  Pittsburgh — .  Rochester — Weekly  during  scholastic  year.  St.  Louis — . 
Washington — March  14,  November  17. 

Jour^  of  Dental  Research:  The  Association’s  official  publication.  See 
register  of  officers  and  editors  on  page  2  of  cover. 


INFORMATION  FOR  PROSPECTIVE  CONTRIBUTORS, 
SUBSCRIBERS,  OR  ADVERTISERS 

The  JOURNAL  OF  DENTAL  RESEARCH  was  dedicated  by  its  founder 
to  the  dissemination  of  knowledge  pertaining  to  the  teeth  and  mouth,  and  to 
their  relations  to  the  body  as  a  whole.  It  publishes  original  investigations  in 
these  and  related  fields.  Articles  are  accepted  only  on  condition  they  are  con¬ 
tributed  solely  to  this  JOURNAL.  Articles  appearing  in  other  domestic  or 
foreign  periodicals  will  not  be  reprinted  in  the  JOURNAL  except  in  extraor¬ 
dinary  cases.  The  JOURNAL  v^l  supply  a  limited  number  of  half-tones  or 
zinc  etchings  without  cost  to  the  author.  References  to  the  literature  must 
conform  to  the  following  style: 

1.  (To  a  periodical) — Doe,  J.  A.,  Dental  disease,  J.  D.  Res.,  16:  42,  1937. 

2.  (To  a  book) — Doe,  J.  A.,  The  Dental  Practice  (Chicago,  Smith:  1930), 

p.  114. 

See  McBride,  J.  D.  Res.,  16:  537,  1937. 

Titles  should  be  given  for  all  references.  Papers  presented  at  society  meet¬ 
ings  should  be  so  footnoted.  Reprints,  up  to  500  copies,  will  be  supplied  at  prices 
quoted  on  request  and  must  be  ordered  from  the  printer  at  the  time  author’s 
proof  is  returned.  Additional  reprints  may  be  purchased  only  at  the  discretion 
of  the  Board  of  Editors. 

Subscription  price  for  the  volume  (issued  bimonthly  beginning  with  February) 
is  $5.00.  Single  copies  $1.00. 

Address  all  communications  relating  to  editorial  matters  to  the  JOURNAL  OF 
DENTAL  RESEARCH,  Ohio  State  University,  College  of  Dentistry,  Colum¬ 
bus,  10,  Ohio;  advertising  or  business  matters  to  the  JOURNAL  OF  DENTAL 
RESEARCH,  1121  W.  Michigan  St.,  Indianapolis,  Ind. 
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VITALLIUM  DENTURES 
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Kvcry  Vitalliuin  case  is  cast  by  tlie 
Microcast  Tcchni(|uc.  This  remarkable 
techniejue  was  develojK'd  fourteen  years 
atfo  to  insure  predetermined  accuracy  in 
casting. 

Today,  dentists  everywhere  are  taking 
a<lvantagc  of  this  opportunity  to  con¬ 
serve  chairtime  hours  and  to  give  their 
patients  greater  comfort  by  prescribing 
Vitallium  cases. 


Neu'  York 


Your  nearest  Vitallium  laboratory  is  equipped  to  provide  all  types  of 
quality  prosthetic  service. 

AUSTEN AL  LABORATORIES,  INC. 

New  York  Chicago 
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The  International  Association  for  Dental  Research, 
and  all  of  its  representatives  in  the  Board  of  Editors  of  the 
Journal  of  Dental  Research,  hereby  express  their  hearty  ap¬ 
preciation  of  the  financial  support  of  the  advertisers  in  this 
issue  of  the  Journal.  We  commend  these  firms  to  the  consid¬ 
eration  of  all  who  are  interested  in  the  advancement  of  dental 
research. 
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